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Issued  25  times  during  the  Academic  Year,  monthly  in 
November  and  December,  and  weekly  between  Feb- 
ruary and  June.  Entered  as  second-class  matter  at  the 
New  York,  N.  Y.,  Post  Office,  Dec.  aa,  1900,  under  Act 
of  July  16,  1894. 

These  include : 

1.  The  Report  of  the  President  and  the  Treasurer 
to  the  Trustees. 

a.  The  Catalogue  of  the  University,  issued  in 
December,  price  25  cents. 

3.  The  Announcements  ot  the  several  Colleges, 
Schools,  and  Divisions,  issued  in  the  spring, 
and  relating  to  the  work  of  the  next  year. 
These  are  made  as  accurate  as  possible,  but 
the  right  is  reserved  to  make  changes  in 
detail  as  circumstances  require.  The  current 
number  of  any  of  these  Announcements  will 
be  sent  without  charge  upon  application  to 
the  Secretary  of  the  University. 
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THE   FACULTY   OF   APPLIED    SCIENCE 
The  Faculty 

Nicholas  Murray  Butler President  of  the  University 

A.B.,    Columbia,    1882:    AM       tR8-j-    Pi,  n      ,00,.    t  t   r»      0  «   ~ 

Tulane,  xoOI;  Johns  Hopes',  Pn^ceton^Yal  f^nd^fversU^^rp'ennfy/ 
yama,  low;  Chicago,  1903;  Manchester  and  St  Andrew's "1905-  Cambndt 
1907;  Williams,  1908;  Harvard  and  Dartmouth,  1909;  Litt.D  ,  Oxford     i^! 

Frederick  Arthur  Goetze Dean  of  the  FacuH 

M.Sc,   Columbia,   1905. 

Charles  F.  Chandler MitchiU  Professor  of  Chemistry 

UnYon  P!8/D3";  sSS^f Irt  \ 9t ?"  ^^  °'  N™  Y°^  <8™  LLD" 

3Henry  S.   Munroe Professor   of  Mining,  and  Delegate  to 

E.M.,  Columbia,  l869;  Ph.D.,  l876;  Sc.D.,  x9o4.  Unwersity  Council 

Alfred  J.   Moses Professor   of  Mineralogy 

E.M.,  Columbia,   1882;  Ph.D.,   1890. 

James  Furman  Kemp  p™/„,  /  r     1 

A  t,     .    ,  rrofessor  of  Geology 

A.B.,  Amherst,   1881;   Sc.D.,   1906;   E.M.,  Columbia,   1884. 

"'Robert  Peele  r>     r  ,-.,.. 

E.M.,  Columbia/  ^ *""""    ^   M<^ 

William    HaLlock Professor  of  Physics 

Ph^rmac^'IsS.  ^  PhD-'  W^zh^>  ^81;  Phar.D.,  National  College  of 

lFRANCFSMBVCf°C.KER Professor  of  Electrical  Engineering 

E.M.,  Columbia,   1882;  Ph.D.,   1895. 

Michael  Idvorsky  Pupin Professor  of  Electro-Mechanics 

A.B.,  Columbia,   1883;  Sc.D.,  1904;   Ph.D.,  Berlin,  1889. 

3 William   H.   Burr Professor  of  Civil  Engineering 

C.E.,  Rensselaer  Polytechnic,  1872. 

TH0M  aSp  SCr°7  .FlSKE Professor  of  Mathematics 

A.B.,  Columbia,  1885;  A.M.,  1886;  Ph.D.,   1888. 

Harold  Jacoby Rutherfurd  Professor  of  Astronomy 

A.B.,  Columbia,   1885;   Ph.D.,  1895. 

'Henry    Marion    Howe Professor   of   Metallurgy 

^JS^lt&tfk^^*''    <905;    B.S.,   Mass.   Institute   of 
Charles  E    Pellew Assistant  Professor  of  Chemistry 

E.M.,  Columbia,  1884. 

Earl  B.  Lovell Professor  of  Civil  Engineering 

C.E.,  Cornell,   1891. 
Absent  on  leave,   1910-11. 
2Absent  on  leave  first  half-year. 
3Absent  on  leave  second  half-year. 
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'George  Francis  Sever Professor  of  Electrical  Engineering 

M.Sc  Columbia,  :9o5.  Mathematics 

2Tames   Maclay 

CE     Columbia,  1888;  Ph.D.,  1899.  , 

C.L.,  coiumo  professor  of  Organic  Chemistry  and 

Marston  Taylor  Bogert Delegate  to  the  University  Council 

AB     Columbia,  1890;  Ph.B..  1894;  LL.D..  Clark,  1909. 

„  Tv/r  »,.*«  Professor  of  Physical  Chemistry 

J    Livingston  Rutgers  Morgan.  . . .  .professor  o,       y 

J  „c      RutCTers    1892;   A.M.  and  Ph.D.,  Leipzig,  1895. 

„    ^  Professor  of  Paleontology 

2AM^.^^Z^^^^^'^^  ■**  S-M-' Harvard*  l898; 

RALphSEDDwar°d  Mayer Associate  Professor  of  Mechanical  Drawing 

'        PatOT  Assistant  Professor  of  Physics 

Herschel  C.  Parker 

.    tt  •        •♦       rRnfi-   B  S      Harvard,   1902-,  A.M.,  Columbia, 
MD     New  York  University   1896,   K.b.,    narvd 

LEA  mXmNE  LUQUER ***»"   ^""'  "'  Minerd0gy 

,f  c-*- c;';;:;: ,887;  ph:D:.:894:.^»<  **~  *  »*«*« 

JOSEPH    C    FFISTER 

AB.,  Columbia,  1889;  A.M.,  1890.  , 

7.  c    ™™*m  Professor  of  Organic  Analysis 

HENRYBSLTjarA^i.-rConegV;.S93;  A.M.,  M-*    .»*;  »■*. 

ALBE^P     WiLLS ^'"<"   <*   1W'»°'W   P"^ 

Ph.B     Co>umMa,  .895.  ^   o/  cw  £ng.„m.„g 

Adolph  Black 

C.E.,  Co.umbia    .8,4.  Jtofcwfcal  E»g^m»g 

CHARXES^DWARD   ££"— J,"  ^  ^   ^  M.s.,  Ntw  york  Universe, 

l899;  P1,D„  CCumb.a,  ,*».  K#eto-W    E»g,«,m»g 

Walter  Rautenstrauch ^  Prof ^  J 

B.S.    M.ssoun    .9o2,  M.S.,  y^  ^   ^ 

Edward  Lawrence  Kurtz 

E.M    Columbia,  rt*  ^^  pf  ,,  Boia„y 

Carlton  Clarence  C™™— ••••   •  ^^  ^ 

A.B.,  Syracuse,  1889;  i'n.u.,    icy.j> 

1  Absent  on  leave, .^o-iu 

2  Absent  on  leave  first  half-year. 
BAbsent  on  leave  second  half-year. 
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Arthur  L.  Walker Professor  of  Metallurgy 

E.M.,  Columbia,  1883. 

George  Braxton    Pegram Assistant  Professor   of  Physics 

A.B.,  Trinity  College  (N.  C),  189s;  Ph.D.,  Columbia,  1903. 

Bergen  Davis Assistant  Professor  of  Physics 

B.S.,  Rutgers,  1896;  A.M.,  Columbia,  1900;  Ph.D.,  1901. 

Adam  Leroy  Jones Chairman  of  Committee  on  Undergraduate 

Admissions  and  Secretary  of  the  Faculty 

A.B.,  Williams,  1895;  Ph.D.,  Columbia,  1898. 

Charles   H.   Burnside Assistant  Professor  of  Mechanics 

B.S.,  Columbia,   1898;  A.M.,  1899. 

Morton  Arendt Assistant  Professor  of  Electrical  Engineering 

E.E.,  Columbia,  1898. 

Charles  P.  Berkey Assistant  Professor  of  Geology 

B.S.,  Minnesota,  1892;  M.S.,  1893;  Ph.D.,  1897. 

John  H.  Morecroft Assistant  Professor  of  Electrical  Engineering 

E.E.,  Syracuse,  1904;  B.S.,  1907. 

William  B.  Fite Professor  of  Mathematics 

Ph.B.,  Cornell,  1892. 

Herbert  E.  Hawkes Professor  of  Mathematics 

A.B.,  Yale,  1896;  Ph.D.,  1900. 
George   V.   Wendell Professor   of   Physics 

B.S.,  Massachusetts  Institute  of  Technology,   1892;  Ph.D.,  Leipzig,  1898. 

Milton    C.    Whitaker Professor    of   Industrial    Chemistry 

B.S.,  Colorado,  1897;  M.S.,  1899. 
Walter  Irvine  Slichter Professor   of  Electrical   Engineering 

E.E.,  Columbia,   1896. 

J.  Paul  Jones  Williams Assistant  Professor  of  Civil  Engineering 

B.S.,  Pennsylvania,  1898;  M.S.,  1899;  C.E.,  1908. 

Edwin  R.  A.  Seligman McVikar  Professor  of  Political  Economy 

A.B.,  Columbia,  1879;  A.M.,  1883;  Ph.D.  and  LL.B.,  1884;  LL.D.,  1904. 

George  W.  Kirchwey Kent  Professor  of  Law 

A.B.,    Yale,    1877;    LL.D.,   Yale,   University  of   Cincinnati,   and  New   York 
University,  1908. 

Henry  Rogers  Seager Professor  of  Political  Economy 

Ph.B.,  Michigan,    1890;   Ph.D.,   Pennsylvania,    1894. 

Associate 

Charles  Buxton  Going Associate  in  Mechanical  Engineering 

Ph.B.,  Columbia,  1882. 


Instructors 
Charles  C.  Trowbridge Instructor  in  Physics 

B.S.,  Trinity  (Ct.),  1892;  M.S.,  1903;  Sc.D.,  1908. 

Everett  J.  Hall Instructor  in  Assaying 
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Floyd  J.  Metzger Instructor  in  Analytical  Chemistry 

Ph.B.,  Buchtel,   1899;  Ph.D.,   Columbia,  1902. 

Harry  L.  Parr Instructor  in  Mechanical  Engineering 

A.B.,  Columbia,   1902;  Mech.E.,   1904. 
Samuel  Osgood  Miller Instructor  in  Drawing 

C.E.,  Columbia,  1895- 

Edward  F.   Kern Instructor  in  Metallurgy 

B.S.,  University  of  Tennessee,  1897;  Ph.D.,  Columbia,  1901. 

■ir    TlTnn  Instructor  in  Mining 

Edward  K.  Judd 

AB     Williams,  1901;  E.M.,  Columbia,  1904. 

Thomas   H.   Harrington Instructor  in  Drawing 

C.E.,  Columbia,   1889. 

Hal  T    Beans  Instructor  in  Analytical  Chemistry 

B.S.,  University'  of  Nebraska,  !899;  A.M.,  1900;  Ph.D.,  Columbia,  1904.    . 

Leighton  B.  Morse ^tructor  m  Phyncs 

Pli  B.,  Iowa  College,  1903;  Ph.D.,  Columbia,  1908. 

Thomas  McC.  Gunn Instructor  in  Mechanical  Engineering 

A.B.,  Univ.  of  Washington,  1899;  A.M.,    1900.  . 

Harold  W.  Webb ^ructor  m  Physics 

A.B.,  Columbia,  1905;  Ph.D.,  1909- 

Cavalier  Hargrave  Jouet Instructor  m  Analytical  Chemistry 

Ph.B.,  Columbia,  1882;  Ph.D.,  1894.  . 

Arthur   Colon   Neish •  ...Intruder  ui   Chemistry 

A.B.,  Queen's  University,  1898:  A.M.,  Columbia,  1900;  Ph.D.,  1904. 

AT  ,„,,-  Instructor  in  Mineralogy 

Maurice  A.  Lam  me ;  p.  n 

B.S.,    Montana   Agricultural    College,    1903;    A.M.,    Columbia,    1904,    Ph.D., 

ArthuTray  Maxson Instructor  in  Mathematics 

AB     Rollins,  1900;  A.M.,  Columbia,  1905. 

Lews  P.  Siceloff Instructor  in  Mathematics 

A.B.,  Central  College,  1900. 

^        «-  Instructor  in  Chemistry 

Otto  Kress IL'n 

BS,  Columbia,  1906;   A.M.,  1907;  Ph.D.,   1909. 

a     T^AD,TATr  Instructor  in  Botany 

Chester  A.   Darling •  •  •  • 

A  B,  Albion,  1904;  A.M.,  1906;  Ph.D.,  Columbia,  1909. 

Charles  W.  Thomas Instructor  in  Mechanical   Engineering 

Mech  E.,  Stevens  Institute,   1884. 

John  M.  Nelson Instructor  in  Organic  Chemistry 

BS.,  Nebraska,   1901;  Ph.D.,  Columbia,    1907. 

™r    it  a  oWm  t  Instructor  in  Physics 

Hermon  W.  parwell 

AB.,  Dartmouth,   1902;  A.M.,  1906. 

Harry  W.  Reddick Instructor  in  Mathematics 

AB.,  Indiana,  1904;   A.M.,  Illinois.  1906. 

Edward  D.  Thurston,  Jr Instructor  in  Mechanical  Engineering 

AB,  Columbia,    1905;   Mech.E.,   1907. 

Frederick  W.  Hehre Instructor  in  Electrical  Engineering 

E.E.,  Columbia,  1908. 
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William  C.  Moore Instructor  in  Analytical  Chemistry 

B.S.,  Teabody,  1903. 

J.  Enrique  Zanetti Instructor  in  Analytical  Chemistry 

B.S.,  Harvard,  1906;  A.M.,   1907;  Ph.D.,  1909. 

James   S.  Macgregor Instructor  in  Civil  Engineering 

B.S.,  Mass.  Inst,  of  Technology,  1902;  M.S.,  1904. 

Francis   S.   Foote,  Jr Instructor  in  Civil  Engineering 

E.M.,  Columbia,  1905. 

Nels  J.  Lennes Instructor  in  Mathematics 

Lecturers 
William  S.  Day Lecturer  in  Physics 

A.B.,  Columbia,   1884;  Ph.D.,   Johns  Hopkins,   1897. 

Elihu  C.  Church Lecturer  in  Civil  Engineering 

C.E.,   Columbia,   1904. 
Frank   F.   Almy Lecturer  in   Physics 

Assistants 

Willard  L.  Severinghaus Assistant  in  Physics 

A.B.,  German  Wallace  College,  1904;  A.M.,   1905. 
Gaillard  S.   Rogers Assistant  in  Mineralogy 

A.B.,  Columbia,  1908;  A.M.,  1909. 
Leon  E.  Pender Assistant  in  Physics 

A.B.,  Trinity  (N.  C),  1907;  A.M.,   1908. 

William  S.  Nelms Assistant  in  Physics 

A.B.,   Southwestern,   1903;  A.M.,    1904. 

Joseph   S.   Corbett Assistant  in  Mathematics 

A.B.,  Columbia,  1909. 

Bernard  O.  Dodge Assistant  in  Botany 

Ph.B.,  Wisconsin,  1909. 

James  E.  Gray Assistant  in  Mathematics 

A.B.,  Columbia,  1909. 

Jesse  E.  Hyde Assistant  in  Paleontology 

A.B.,  Ohio  State  University,   1906. 
Frank  L.  Mason Assistant  in  Electrical  Engineering 

E.E.,  Columbia,  1909. 

Walter  Alfred  Mitchell Assistant  in  Physics 

B.A.,  Trinity   (Ct.),  1901. 

Leonard  D.  Norsworthy Assistant  in  Civil  Engineering 

C.E.,  Columbia,  1909. 
Ancel  St.  John Assistant  in  Physics 

Ph.B.,  Rochester,   1906. 

Ralph   H.   Sherry * Assistant  in  Metallurgy 

A.B.,  Stanford,  1904;  A.M.,  1905. 

Andrew  W.  Jackson Assistant  in  Physics 

A.B.,  Oregon,  1907;  A.M.,  1909. 

Jesse  E.  Beans Assistant  in  Draiving 

Harry  L.   Fisher Assistant  in   Organic   Chemistry 

A.B.,  Williams,    1909. 

David  Dale  Condit Assistant  in  Geology 

A.B.,  Ohio  State,  1909. 
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Non-Resident  Lecturers  for  1910-11 
Benjamin  Lawrence,  M.Sc Silver  Mines  at  Cobalt,  Ontario 

Consulting  Mining  Engineer.  ,,,;„„,  „/  Chain 

Arthur  S.  Dwicht,  E.M *">  T">'°  M"<"  °>  Spam 

Consulting  Engineer,  New  York  City.  ,  .        _  ■     „,„  ,,/.,, 

Franklin  Guiterman Review  of  Smelting  Progress  m  the  West 

American  Smelting  and  Refining  Company. 

Charles  S.  Herzig,  E.M. . . .  .Concentration  by  Flotation  at  Broke*  Hjg, 

Consulting  Mining  Engineer,  New  York  City. 

D  M  R«»: The  West  m  the  Early  Days 

r        ^TVowson  CO"'Pany'  "'"  Y"rk. »  *"»*  »'  M™»*  « 
CHAR1  er!Jy  TnrsHiarDe-panm;;,-,  Young  Men's  Christian  Association. 
Guv  W   Culcin *«>«  Trmtat  and  the  Mono  RaU 

Assistant  Engineer,  Intcrborougl,  Rapid  Transit  Company 

James  K.  Finch,  C.E Building  Construction  m  New  Yoik  C,ty 

Contracting  Engineer. 

Henry  B.  Machen,  C.E..High  Pressure  Fire  Service  in  New  York  City 

Borough  Engineer,  Department  of  Water  Supply,  Gas  and  Efcctocity 
W    F    Morse  ....Collection  and  Disposal  of  Municipal  Waste 

Assistant   Chief   Technologist,    Technologic    Branch    of    the    United   States 
Geological  Survey. 

„  ...Electrical  Switchboards 

E    H-S"X"d  Depa'r^ntVGin^'al'ElVctric  Company,  New  York  City 

J.  W.  Ueb,  Jr Etei,Stoi 

New  York  Edison  Company. 

Robert  T.  Loz,er Commercial  Phases  of  Engineering 

Consulting  Engineer,  New  York  City. 

A    L.    McAllister Alternating    Current   Commutator  Motors 

'  Assistant  Editor,  Electrical  World. 

C   O   Mailloux,  M.S.,  E.E SpecttcoUons  and  Contracts 

Consulting  Electrical   Engineer,   New  York  City. 

Henry  Pikler,  ^.History,  Theory  and  Manufacture  0    Transformers 

Transformer  Engineer,  Crocker-Wheeler  Company,  Ampere,  N.  J. 

w    "R    Pottkk  Electric  Railway  Development 

W-        Ra^ Apartment;  General  Electric  Company,  New  York  City. 

. .  .Power  Stations 
C.   Schwartz 

Consulting  Engineer.  . 

^  ul7  Hfcfc  Tension  Transmission 

Percy  Thomas,  E.E.  •  •  -  ■■ '  • '^v  Aitv" ' 

Consulting  Engineer,  New  York  City. 

Wireless   Telephony 
F.  K.  Vreeland 

Consulting  Engineer.  Mnrhinp 

Huoh  AtKMAN F"*«  ^«te-    Pr^plesofjac^ 

J.  H.  Williams  Company,  Manufacturers  of  Drop  Forgings. 
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Walter   Ballinger Design  and   Construction   of  Modem   Factory 

Consulting  Engineer,  Philadelphia,  Pa.  Buildings 

Charles  U.  Carpenter Works  Organisation  and  Management 

President,  Herring-Hall-Marvin  Safe  Company,   New  York  City. 

Charles  Day ■ .  .Manufacturing  Plant  Design 

Day,  Dodge  &  Day,  Engineers,  Philadelphia,  Pa. 

C.  B.  Edwards The  Design  of  Steam  Turbines  for  Ship  Propulsion 

Fore  River  Shipbuilding  Company,  Quincy,  Mass. 

Harrington  Emerson '.  Works  Organization  and  Management 

Consulting  Engineer  and  Efficiency  Expert,  New  York  City. 

H.  F.  T.  Erben Characteristics  of  the  Alternating  Current  Steam 

Engineer,  General  Electric  Company,  Schenectady,  N.  Y.  Turbo    Generator 

H.  L.  Gantt Works  Organisation  and  Management 

Consulting  Engineer,  New  York  City. 

Charles  B.  Going Works  Organisation  and  Management 

Editor,  Eng.  Magazine,  New  York  City. 

Charles  A.  Hague In  charge  of  Pumping  Machinery  Course 

Consulting   Engineer,   Water   Supply,   Pumping    Station    Expert,    New   York 
City. 

Mr.  E.  R.  Hardy Fire  Protection 

Manager  New  York  Fire  Insurance  Exchange,  New  York  City. 

G.  K.  Hooper Foundry  Design 

Consulting  Engineer,  New  York  City. 

Richard  T.  Lingley Works  Organisation  and  Management 

Certified  Public  Accountant,  New  York  City. 

L.  C.  Loewenstein The  Design  of  Steam  Turbines 

General  Electric  Company,  Lynn,  Mass. 

Walter  McFarland Works  Organisation  and  Management 

Vice-President,  Westinghouse  Electric  Company,  Pittsburg,  Pa. 

Fred  J.  Miller.  .Standard  Processes  for  the  Manufacture  of  Machinery 

and  Their  Efficiency 

Vice-President,  American  Society  of  Mechanical   Engineers,  Consulting  En- 
gineer,  Remington  Typewriter  Company. 

Percival  Robert  Moses Heating  and   Ventilating  of  Factories 

Steam  Power,  Healing  and  Ventilating  Engineer,   New  York  City. 

L.  DeG.  Moss In  charge  of  course  on  Elevating  and 

Conveying  Machinery 
Consulting  Engineer  and   Designer  of  Machinery  for   Mechanical  Handling 
of  Materials. 

F.  W.  O'Neil In  charge  of  course  on  Air  Machinery 

New    York    Manager    Nordberg    Manufacturing    Company,    Compressed-Air 
Expert. 

Fred.    Ophuls In  charge  of  the  course  on  Refrigerating  and  Ice 
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Estimating  Engineer,  De  La  Vergne  Machine  Company,  New  York  City. 

G.  A.  Orrok Gas  Engines  Using  Blast  Furnace  Gas 

Secretary,   Gas  Power  Section,  American   Society  of  Mechanical   Engineers, 
Mechanical  Engineer,   New  York   Edison  Company. 
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Columbia  University  was  founded  in  1754  as  King's  College.  In 
1784,  after  the  Revolutionary  War,  King's  College  became,  by  act  of 
the  Legislature  of  the  State  of  New  York,  Columbia  College.  The 
institution  whose  name  was  thus  changed  has  become  Columbia 
University. 

The  first  step  for  the  foundation  of  a  School  of  Applied  Science 
was  taken  in  1864,  when  the  Trustees  approved  the  creation  of  a 
School  of  Mines,  in  which  courses  were  later  established  in  civil 
engineering,  chemistry,  and  metallurgy.  The  growth  of  these 
courses,  made  it  seem  desirable  to  adopt  some  more  comprehensive 
name  than  the  historic  title  "School  of  Mines,"  so  that  in  1896  the 
Schools  of  Engineering  and  Chemistry  were  set  off  from  the  School 
of  Mines,  the  three  schools  remaining,  however,  under  the  jurisdiction 
of  a  single  faculty: 

1.  The  School  of  Mines,  with  four-year  courses  leading  to  the 
degrees  of  Engineer  of  Mines  and  of  Metallurgical  Engineer. 

2.  The  School  of  Engineering,  with  four-year  courses  in  Civil 
Engineering,  Electrical  Engineering,  and  Mechanical  Engineering, 
leading  to  the  degrees  of  Civil  Engineer,  Electrical  Engineer,  and 
Mechanical  Engineer  respectively. 

3.  The  School  of  Chemistry,  with  four-year  courses,  leading  to 
the   degrees   of  Chemist  and   Chemical   Engineer. 

The  courses  are  intended  to  meet  the  requirements  of  the  several 
professions  indicated;  and  many  of  them  permit  a  certain  amount 
of  specialization,  particularly  in  the  fourth  year.  The  work  in  the 
School  of  Mines  is  so  arranged  that  the  student  can  emphasize  the 
engineering,  the  metallurgical,  or  the  geological  side  of  his  profession. 

A  course  in  Sanitary  Engineering  (leading  to  the  degree  of  Civil 
Engineer)  is  provided  for  those  who  wish  to  prepare  themselves  for 
this  important  branch  of  civil  engineering.  The  organization  of  a 
course  in  Forestry  is  under  consideration,  and  it  is  hoped  that  in  the 
near  future  a  four-year  professional  course  in  Forestry,  leading  to  the 
degree  of  Forest  Engineer,  will  be  established. 

Candidates  for  a  professional  degree  who  have  some  special  end  in 
view  are  sometimes  permitted  to  vary  the  regular  course  by  substi- 
tuting, for  the  courses  ordinarily  prescribed,  courses  for  other  degrees 
offered  under  the  Faculty  of  Applied  Science.  Students  holding  an 
academic  degree  who  become  candidates  for  the  degree  of  Master 
of  Arts  or  Doctor  of  Philosophy  may  offer  work  in  one  or  more 
of  these  branches  of  technology  either  as  a  major  or  a  minor  sub- 
ject under  the  Faculty  of  Pure  Science  and  will  be  given  oppor- 
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tunity  for  special  study  and  ^^^t%£'-JZ 
matriculated  students  prope  J  ^lfe  onl^ftin,"  '  pursue  advanced 
and    experience    and    by    aDinty,    way 

studies  of  original  research_  .    w  at  the  University  in  July  and 

In  the  regular  Summer  Session  held  a :  t  meering  students 

AugUst  ol !  .* ,^^-^r  "—  S*.  will  be  sent 
are  offered.     The  Announcement     /  Attention  is  also 

may  be  obtained  from  the  Secretary. 

ADMISSION 

requirements.  -.-.ndidates  for  admission  to  the  first- 

Exeept  for  reasons  of  weight,  ^"didates  to  time   rf 

year   class   must   be   at  least  cgb teen   y ears   of  J  ^  ^^ 

.matriculation,  and  correspond  "8  ?   f e'  £ J  t  ,  certificate  of 

standing.    Each  candidate  mus   b fore  adm    s  on  p  ^  ^  ^ 

good  moral  ^"cter  from  h»  last   ^ «  °universitics  must  bring  cer- 
standing.     Students  from  other  colleges or  ^   tQ 

tifirates  of   honorable  dismission,     bturtentb   are   a 

to  the  Secretary  of  the  University. 

Collegiate  Preparation  Recommended 

The  libera,  training  "^^S^S^- 
quite  as  important  to  engineers,  ^«£V  recommended  by  the 
yers,   physicians  or  flymen    and   is  strong  ^  ^  ^ 

reference  to  future  work  in  applied _  scten«  »  able  t P  ^ 
requirements  for  a  degree  »*»*«- bachelor's  degree. 
Chemistry  in  less  than    our  *«»»«*  reeemg  Co)lege  and 


years. 
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Requirements  for  Admission  for  Students  without  Collegiate 
Preparation 

Every  candidate  must  offer  at  the  entrance  examinations  (see  below) 
To  the  subjects  amounting  to  fourteen  and  one-half  "units."     A 

First  Year    unit  represents  a  course  of  five  periods  a  week  for  one  year 
Class  in  the  secondary  school. 

Total  requirement 14^  units 


The  candidate  must  offer 


Counting 
in  Units 


Chemistry   1 

Drawing    1 

Elementary  French    ] 

or  I 2 

Elementary  German  J 

English    3 

Mathematics  3^ 

Physics    I 

and  three  units  from  the  following: 

Elementary  German  ) 

or  I     see    above 2     units 

Elementary  French  ) 

Elementary   Spanish 2 

Elementary    Latin 2 

Intermediate  French 1 

Intermediate  German 1 

Ancient  History 1 

Modern  and  Mediaeval  History 1 

American  History 1 

English  History 1 

Botany  ! 

Physiography    1 

Zoology  1 

Shopwork  I 


Candidates  for  degrees  of  Engineer  of  Mines,  Metallurgical  and 
Chemical  Engineer  or  Chemist,  are  recommended  to  offer  -Elementary 
and  Intermediate  German. 

It  is  suggested  that  candidates  deficient  in  entrance  subjects  in 
June  arrange  to  take  courses  in  them  in  the  Summer  Session  of 
Columbia  University,  the  announcement  of  which  will  be  sent  upon 
application  to  the  Secretary  of  the  University.  Certain  of  the  entrance 
subjects  may  also  be  pursued  under  the  Department  of  Extension 
Teaching. 
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The  examination  requirements  for  admission  may  be  satisfied  by 
any  one  of  the  three  following  means,  or  by  any  approved  com- 

bination  thereof: 
Entrance  ,.  By  the  examinations  of  the  College  Entrance 

Examinations  Examination  Board.  These  examinations  are  held 
annually  in  June,  in  iqio,  beginning  on  June  20th,  at  Columbia 
UnTersity  and  a't  about  one  hundred  and  fifty  other  educational 
centres  in  the  United  States  and  Europe.  A  complete  h  t  of  the 
places  and  times  of  such  examinations,  together  with  the  regula 
tions  governing  them,  may  be  obtained  from  the  Secretary  of  the 
Cohege  Entrance  Examination  Board,  Post  Office  Sub-Stat.on  84, 

^"^examinations  conducted  by  the  Columbia  University 
Committee  on  Undergraduate  Admissions.  These  examinations  are 
held  in  September  and  January  of  each  year  (beginning  on  Septem- 
ber 19,  i9to,  and  January  9,  19"),  and  only  at  the  University 

,  By  the  examinations  of  the  State  Examination  Board  of  the 
New  York  State  Education  Department.  These  ™iat.ons  are 
held  in  January  and  June  at  more  than  six  hundred  high  schools 
and  other  institutions  throughout  the  State  of  New  York,  but,  sav 
in  exceptional  circumstances,  are  open  only  to  students  in  hose 
schools  Full  information  regarding  the  regulations  governing  them 
may  I  obtained  by  application  to  the  New  York  State  Educate 
Department,  Albany,  New  York. 

A  copy  of  the  time-scheme  of  the  examinations  held  by  the 
College  Entrance  Examination  Board  in  June,  and  by  Columbia 
diversity  in  September  and  January,  together  with  information 
.sot  e  proper  method  of  filing  application-blanks  for  these  exarn- 
nations,  the  payment  of  fees,  the  division  of  examinations ,  and 
also  detailed  definitions  of  the  requirements  in  each  admission 
ubject  s  given  in  the  Bulletin  of  Entrance  Examinations  and 
Admission  for  1909,  which  may  be  had  upon  apphcat.on  to  the 
Secretary  of  the  University. 

A  candidate  may  present  himself  at  any  of  the  series .of ■examina- 
tions scheduled  above,  and  the  results  may  be  credited  toward  the 
Restrictions  fulfilment  of  the  requirements  for  adm.ss.on,  sub- 
Governing  ject  to  the  following  restrictions: 
Examinations  ,.  A  candidate  in  making  application  for  examina- 
tion must  submit  a  statement  from  the  pnnapal  of  h,s  school,  or 
from  his  last  instructor,  indicating  the  extent  and  character  of  his 
preparation  in  each  subject  in  which  he  applies  or  examination, 
and  credit  may  be  withheld  when  this  requirement  is  not :  met 

2   The  results  of  an  examination  may  stand  to  the  cand!date  s 
credit  for  twenty-nine  months,  but  no  longer. 
3.  A  candidate  may  not  present  himself  for  examination  more 
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than  four  times,  except  by  special  consent  of  the   Committee  on 
Admissions. 

4.  The  results  of  the  examinations  conducted  by  the  New  York 
State  Examination  Board  can  be  credited  only  in  so  far  as  the 
subject-matter  of  these  examinations  specifically  covers  the  sub- 
jects, or  lettered  or  numbered  parts  of  a  subject,  which  are  accepted 
for  admission  to  the  Schools  of  Mines,  Engineering  and  Chem- 
istry. Candidates  who  have  been  granted  the  College  Entrance 
Diploma  issued  by  the  New  York  State  Education  Department  may 
be  admitted  to  the  Schools  of  Mines,  Engineering  and  Chemistry 
free  of  conditions  if  the  directions  given  on  page  8  of  the  Colum- 
bia University  Bulletin  of  Entrance  Examinations  and  Admission  have 
been  observed.  The  diploma  should  be  forwarded  to  the  Secretary  of 
the  University  together  with  the  application  for  admission. 

5.  In  order  to  be  credited  toward  entrance,  the  reports  of  a 
candidate's  examinations,  together  with  the  statement  of  the  extent 
and  character  of  his  preparation  in  each  subject  offered,  must  be  in 
the  hands  of  the  Committee  on  Admissions  one  week  prior  to  the 
opening  of  the  term  in  September  or  January. 

6.  The  reports  of  all  examinations  must  be  rendered  to  the  Com- 
mittee on  Admissions  in  percentages.  The  Committee  interprets 
these  percentages  as  Passed  (P),  or  Failed  (F).  Credit  toward 
admission  is  given  only  for  such  examinations  as  receive  a  grade  of  P. 

The  uniform  first  year  in  the  Schools  of  Mines,   Engineering  and 
Chemistry,  and  the  efficient  coordination  of  the  subsequent  years,  make 
it   possible    for    graduates    of   colleges    and    scientific 
schools  to  enter  Columbia  University  with   advanced  To  Ad" 

standing  and  to  complete  the  requirements  for  a  pro-  vanccd 

fessional  degree  without  undue  delay  through  conflicts  Standing 

and  other  causes.  It  is  very  desirable,  however,  that  students  in 
other  colleges  who  are  planning  to  take  professional  work  after 
graduation  should  get  into  correspondence  with  the  University 
as  early  as  possible.  If  this  is  done  they  may  receive  advice  with 
regard  to  the  most  advantageous  collegiate  subjects  to  elect,  and 
also  with  regard  to  the  summer  courses  of  Columbia  University. 
By  taking  certain  summer  work  at  the  University  in  advance,  a  student 
sometimes  may  save  six  months  or  a  year  in  entering  upon  his  pro- 
fessional career.  A  separately  printed  leaflet  on  admission  to  advanced 
standing  in  these  Schools  will  be  sent  on  application  to  the  Secretary 
of  the  University. 

Candidates  for  admission  to  advanced  standing  should  make  applica- 
tion in  writing  to  the  Chairman  of  the  Committee  on  Undergraduate 
Admissions   in  time  to  reach  him  on  or  before  September   12,   1910.1 

m^JSSF*  thu  candidate  «»*  a  considerable  distance  from  the  University  his 
application  should,   if  possible,  be  made  earlier  than   September   in  order  That   *»• 
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The   application   must   be    aeeompanied   by   properly    certified   official 
statements  of  his  standing  in  the  subjects  wh.ch  he  offers. 

The  Committee  will  notify  the  candidate  at  the  address  given  in  his 
letter  between  September  12  and  ,6,  ioio.  what  courses,  of  those  offered, 
ar"  accep  ed  as  equivalent  to  courses  at  Columbia  University.  In  gen- 
eral thfcommitL  gives  credit  for  complete  courses  do*'  In  cases 
where  the  work  previously  done  by  the  candidate  has  not  been  accepted 
Ty  the  Committee,  the  candidate  should  present  himself  at  regula :  f.U 
examinations  during  the  two  weeks  immediately  preceding  the  opening 
of  X  University  (in  ioio,  September  .a-*).  For  courses  in  which  no 
r  gular  fall  examination  is  held,  the  candidate  should  report  between 
\oTu.  and  12  M.  at  the  Dean's  office.  The  schedule  of  fall  examina- 
tions may  be  obtained  from  the  Registrar. 

Admission  to  Special  Courses  o!  Study 
Graduates  of  these  Schools,  and  other  institutions  of  equal  grade  may 
pursue  any  subjects  taught  in  the  schools  for  which  they  are  qualified 
Persons  of  mature  age  who  are  not  graduates,  but  who  show  spec.a 
qualifications,   are   sometimes   permitted   to  pursue   special   courses  of 
study,  but  this  permission  is  not  given  to  others. 

Except  by  vote  of  the  Committee  on  Admissions  no  one  will  be  ad- 
mitted a,  a  non-matriculated  student  who  has  been  refused  admission, 
or  has  failed  in  his  work,  as  a  candidate  for  a  degree. 

Persons  who  wish  merely  to  pursue  elementary  subjects  are  not  re- 
ceived as  non-matriculated  students. 

Non-matriculated  students  will  be  held  to  the  observance  of  the  same 
regulations  as  to  attendance,  examination  and  proficiency  as  matriculated 
students. 

Admission  on  Probation 
Every  first-year   student  admitted  conditionally   will  be  held  under 
probation  during  the  first  half-year  of  residence.    So  **»1~*>+ 
students  on  probation  are  given  the  opportumty  ,n  Columb a .^£  ° 
in  the  Department  of  Extension  Teaching,  to  make  good  their  defic.en 
cie      Not  later  than  the  end  of  this  period,  the  Dean   on  the  bas,,  0 
reports  from  the  head  of  each  department   in  which  the  studer     .. 
registered,  will  decide  whether  he  shall  be  admitted  to  full  s  and  ng 
have  his  period  of  probation  extended,  or  be  dropped  from  the  roll. 
The  mark'of  7  or  higher,  obtained  in  any  subject  at  the  end  «*| te  fal 
half-year  of  residence,  will  be  regarded  as  removing  an  entrance  cou- 
nty receive  the  reply  in  time  ,0  present  himseK  at  the    University  on  Septem- 
%i9ca£S°where  credit  for  par.  of  a  -"-^^f S&XWSj 
character  of  his  work. 
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dition  in  that  subject,  unless  the  condition  was  incurred  in  a  part  of  th« 
subject  not  directly  involved  in  the  work  of  the  course.  Any  condition 
not  so  removed  must  be  satisfied  by  formal  examination. 

ADVICE  TO  STUDENTS 

Each  student  is  on  entrance  assigned  to  an  officer  of  instruction,  who 
acts  as  his  academic  adviser.  The  adviser  is  kept  informed  as  to  the 
attendance  and  standing  of  all  such  students  in  their  academic  work 
and  as  to  the  extent  and  character  of  their  participation  in  extra- 
curricular activities,  and  he  advises  students  on  all  these  and  other 
matters  that  concern  them  as  students. 

Reports  of  standing  are  sent  to  the  student,  his  parent  or  guardian, 
his  adviser  and  to  the  Dean  every  five  weeks  for  students  in  the  first 
and  second  classes  and  at  the  end  of  each  term  for  students  in  the  third 
and  fourth  classes. 

A  student  who  has  not  been  assigned  to  an  adviser  may  apply  to 
the  Dean  for  such  assignment. 

REGISTRATION 

Before  attending  any  University  exercises  each  student  must  regis- 
ter, 1.  e.,  must  present  himself  in  person  to  furnish  the  information 
necessary  for  the  University  records  and  to  file  a  statement  of  the 
courses  he  is  authorized  to  pursue  (for  the  matriculation  or  registra- 
tion fee,  payable  but  once,  see  below). 

The  office  of  the  Registrar,  201  East  Hall,  will  be  open  for  registra- 
tion from  Wednesday,  September  21,  to  Tuesday,  September  27,  1910. 
New  students  may  register  also  on  September  28.  Credit  for  attend- 
ance will  date  from   September  28. 

Students  prevented,  through  no  fault  of  their  own,  from  completing 
their  registration  in  due  time,  should  file  a  provisional  registration- 
record. 

Registration  at  a  later  date  is  permitted  only  to  candidates  who  ob- 
tain the  written  consent  of  the  Dean,  satisfactory  cause  for  the  delay 
having  been  shown.     (For  the  fee  for  late  registration  see  below.) 

Students  holding  scholarships  are  required  to  report  themselves  as  in 
residence  to  the  Registrar  at  the  opening  of  each  half-year. 

In  case  of  withdrawal  during  the  academic  year,  students  are  re- 
Honorable  quested  t0  file  a  notice  thereof  with  the  Registrar,  on  a 
Dismissal  klank  form  provided  for  the  purpose.  An  honorable  dis- 
missal is  granted  by  the  Dean  to  any  student  in  good 
standing  over  twenty-one  who  may  desire  to  withdraw,  and,  with  the 
written  assent  of  his  parent  or  guardian,  to  a  student  under  that  age. 
Applications  for  leave  of  absence  should  be  addressed  to  the  Dean. 

FEES 

The  President  is  under  instructions  to  withdraw  the  privileges  of  any 
student  delinquent  in  payment  after  the  second  Wednesday  of  each  half- 
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year     AU  regulations  as  to  fees  are  subject  to  change  by  tbe  Trustees 
V*£E2Z  or  Region:   Quired   of  a.1   students         ^ 
on  entrance,  payable  but  once... _  5 

payable  at  the  beginning  of  each  half-yeai  .  ^ 

weekly  exceeds  nine;  the  whole  not  to  exceed  $125  per  half 

^SJLfivs*  -*-«'^  *•  ""'<"' ij  fc"d; 

FF°orr  SSSi"^£AS  -ies  oV  ^ncy^exan,^ 
tions  held  in  the  week  preceding  the  opemng  of  the  first 
half-year,  for  each  course  $5,  with  a  maximum  of.....--  • 
For  I  defi  iency  examination  at  any  other  time  than  m  the 
period  designated  above,  whether  taken  at  the  conclusion 
of  a  course  repeated  by  the  student  or  wrthout  such  repe-  ^ 

tition,   for  each   course • 

For  special  examinations  at  unusual  times:  ^ 

For  admission,  for  the  series • .'''''''' '"  5 

For  removal  of  deficiencies  in  course,  for  each  f*™;"-  / 

For  any  professional  degree,  payable  prtor  to  filing  of  application  25 

Laboratory  Fees  _ 

a  fee  for  certain  laboratory  courses        '    °    ^  °  ^     The 
up  to  a  maximum  fee  of  $125  per  nan  y      , 
schedule  of  such  fees  may  be  obtained  from  the  Registrar. 
Summer  Courses  in  Surveying 
Laboratory  fees,  ^ayab.e  on   or  before  the  last  »«, 
•     1        c*ii/rara-  rivil  Engineering  course  No.  15,  925»  °r  */ 
£  sTeyl  N^tlnd  ™S.  **  °'  $5  Per  survey;  No.  *  $5; 

N;otc:ndid,at0es,7Ican$dh1ates    for   admission  to,  •*   ^£*£ 
entered  with  advanced  standing,  who  may  be  requ.red  to  attend  these 
iefuld  to  unsnecessfu,  candidates  upon  app.icat.cn  to  the  Reg,strar  no, 

later  than  June  20  next  ensuing. 


STUDENTS'  EXPENSES 


iQ 


courses,  and  students  required  to  repeat  them  through  delinquency,  are 
charged  in  addition  tuition  fees  as  follows :  No.  15,  $35 ;  No.  25,  No  27 
No.  28,  and  No.  71,  $25;  No.  26,  $10.  Students  entering  with  credit' for 
part  of  course  15  shall  pay  a  tuition  fee  of  $10  for  each  survey  A 
tuition  fee  of  $6  is  required  for  each  survey  of  courses  25  or  27  taken 
under  similar  condition.  In  the  case  of  a  student  registered  in  Columbia 
College  who  has  paid  an  additional  fee  under  the  operation  of  this  rule 
an  equitable  credit  will  be  made  should  he  later  complete  the  require- 
ments for  a  professional  degree.  In  the  case  of  a  student  admitted  to 
advanced  standing  the  additional  fee  may  be  refunded  in  whole  or  in 
part,  according  to  regulations  which  may  be  learned  from  the  Registrar. 
Deposits    for    Apparatus,    Supplies    and    for    Keys   to   Desks    and 

Lockers 
A  deposit  for  the  use  of  lockers,  keys,  apparatus,  material,  and  the 
like,  ranging  from  $1  to  $40,  is  required  of  students  in  Mines,  Engineer- 
ing and  Chemistry.  At  the  end  of  the  academic  year  each  student  will 
be  credited  with  those  articles  which  he  returns  in  good  order  and  the 
value  of  those  he  has  injured  or  broken  will  be  deducted  from  his 
deposit.     Details  may  be  obtained  from  the  Bursar. 

Residence  Halls  and  University  Commons 
(See  page  142.) 

Employment    Committee 

(Seepage  141.) 

Comparative   Statement   of   Students'  Probable   Expenses   for  the 

Academic  Year 


Low- 


Matriculation  

Gymnasium 

Tuition , 

Books  

Drafting  material. . , 
Chemical  apparatus  . 

Room  (37  weeks) 

Board  (37  weeks) 

Clothes  and  laundry. 
College  incidentals. . 
Other  expenses 


Summer  Courses  in  Survey  mo- 

Tuition 

Travelling 

Board  (5  weeks) 


'     5 

7 

250 

30 

2 

25 

75 

150 

25 

2 

10 


25 

5 

35 


Average 


$646 


f    5 

7 
250 

45 

10 

30 

129 

180 

40 

5 

25 


25 

5 

35 


Liberal 


The 


for 


$791 


9     5 
7 
250 
60  up 
15  " 
40  " 
160  " 
205  " 

75   " 
25   « 

75  " 


25 

5  up 
35   " 


$982 


expense   lor   summer  courses    in   surveying  applies  to  all  cur- 
nculums  during  the  first  summer  only;  for  Mining  and  Metallurgical 
Engineering  students  during  two 
neering  three  summers. 


summers 


for  Civil  and  Sanitary  Engi- 


MINES, 


ENGINEERING  AND  CHEMISTRY 


RULES   GOVERNING  STUDENTS 

,      A  student  cannot  be  a  candidate  for  more  than  one  professional 
dT7:a:deirf::m:-degree  must  comply  with  aU  retirements  in 

rril--    "tore   than    one-ten,   of  *e  ^ 

Committee  on  Instruction.  to  the 

5.  After  examinations  »«»«*«"  he^e°*  ^fd  their  courses, 
Registrar  a  list  of  all  studen  s  «h°  have  f^f  a  mark  below 
indicating  proficiency  by  ""f^^*  standing' will  be  sent  to 
6  signifying  a  failure    o  ££     *=P°£  oj  J^  ^  ^  an(J 

First  and  Second  year  sti  dent    ever, q{  ^  ^^ 

^rLXexaminations  ma,  be  held  at  the  end  of  the   tst  and 
./termor  both,  or  at  the  complete  °    a£  »^  at 

,     Special    ex—tons    f       udents    deba    ^    ^         Sep_ 
regular    examination    shall   be    n  following  academic  year; 

^/^!f  r^  chl  in  sublets  belonging  to   that 
,ear  only,  during  the  first  week  :  m U*y.  ^  ^  ^ 

^f  s^^r "c^ Ts  one  of  the  three  failures 
referred  to  in  Rule  10.  course,  which  must 

^ttaJ*=?= f  ^ .^  eXaminati°nS  m 

the  September  series  the  ma—  fee  ,    g  exa 

^^^iffl^  ^  — -- as  prov,ded 


under  Rule  7- 
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Failing  to  pass  the  second  examination,  he  must  repeat  the  sub- 
ject with  the  next  class.  Failing  a  third  time  to  pass  a  satisfactory 
examination    he   shall    be    dropped    from    the   roll    of   the    School. 

II*  Absence  from  any  regular  or  special  examination  provided 
for  in  Rules  7  and  8  shall  count  as  a  failure  unless  excused  by  the 
Dean  for  reasons  of  weight. 

12.  No  student  having  an  entrance  deficiency  shall  be  permitted 
to  register  for  any  subject  of  the  second,  third  or  fourth  year  without 
the  written  consent  of  the  Dean,  and  no  student  shall  be  permitted 
to  register  for  any  subject  the  prerequisites  for  which  have  not  been 
satisfied  by  him  unless  the  Dean,  for  reasons  of  weight,  grants  him 
special  permission. 

^  13.  ^  Any  student  who  shall  have  passed  a  satisfactory  examina- 
tion in  Columbia  College  in  any  subject  forming  a  part  of  one  of 
the  professional  courses  in  the  Schools  of  Mines,  Engineering  and 
Chemistry  will  not  be  required  to  pursue  that  subject  a  second  time. 

14.  During  vacations  following  the  close  of  each  year,  memoirs 
on  assigned  subjects  must  be  prepared  by  the  students  in  the  courses 
of  Metallurgy,  Civil  Engineering,  Electrical  Engineering,  Mechani- 
cal Engineering,  Chemical  Engineering,  and  Chemistry.  The  time 
specified  for  the  completion  and  handing  in  of  memoirs  is  the  first 
Monday  in  November. 

A  student  failing  to  hand  in  his  memoir,  drawings  or  other  summer 
work  shall  be  considered  to  have  failed ;  to  have  his  work  received  later, 
he  will  be  obliged  to  pay  a  fee  of  $5,  as  for  a  special  examination. 

15.  By  permission  of  the  Dean,  and  concurrence  of  the  heads  of 
departments  concerned,  a  student  may  attend  subjects  not  required  for 
his  degree,  provided  such  attendance  does  not  interfere  with  his  regular 
work.  He  must  fulfill  all  the  requirements  exacted  from  regular 
students  in  such  course. 

Application  for  each  special  examination,  except  as  provided  below, 
must  be  filed  at  the  office  of  the  Registrar  at  least  one  week  before 
the  examination  is  to  be  taken,  and  in  September  and  May  at  least  one 
week  before  the  first  day  of  the  respective  examination  period  (in 
1910-11  not  later  than  Monday,  September  19,  and  Monday,  April  24, 
respectively).  For  later  application  an  additional  fee  of  "$5  for  any 
examination  or  series  of  examinations  will  be  charged.  Applications 
must  be  made  on  blanks  (one  for  each  course)  to  be  obtained  from 
the  Registrar. 

During  the  academic  year  students  will  be  held  responsible  for  the 
receipt  of  reports  and  other  official  communications  sent  to  them  at 
the  coat  room  in  Havemeyer  Hall.  During  the  summer  vacation  they 
wdl  be  held  responsible  for  the  receipt  of  such  communications  sent 
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to  their  home  address  as  given   on  their  registration  blank   for   the 

preceding  academic  year. 

SCHOLARSHIPS 

^.twnfbemade  not  later  than  July   I  by  the  Committee  on 
Set      ships.     Scholarships    not    allotted    at    this    time     or    beeommg 
vacant,  may  be  filled  by  the  Committee  at  its  discretion. 
Tn  detail  these  Scholarships  are  as  follows: 

?* ft mdenl  who  hare  been  in  the  University  at  least  one  year- 
7?Aernot  Morgan,  7  Cornelius  Vandcrbilt,  10  D.  Willis  James, 
\  Morris K Jesup       Samuel  D.  Babcock,  i  Oswald  Ottendorfer. 

m/n  tostudZts  of  anV  elass-S  Faculty,  5  Special,  I  Benjamm  B 
Laurence!  j Sard Butler  (open  to  students  born  in  Ohio;  for  special 
i-prrnlntions  see  University  catalogue). 

In  addition  40  Pulitzer  Scholarships,  carrying  free  tuition  and  a 
stipend  0  *SO  are  open  to  competition  by  students  m  the  New  York 
cTnigh  Schools.    For  details  see  the  University  catalogue. 

Marcus  Daly  Scholarship  in  Mining  Engineering 

The  Marcus  Daly  Scholarship  of  the  annual  value  of  $1,000,  main- 
tamed  by  Mr  .  James  W.  Gerard  in  memory  of  her  father,  is  open  o 
that  worke  or  descendant  of  a  worker  in  the  Montana  m.nes  who 
nas  eHhe  best  competitive  entrance  examinations.  The  winner  holds 
h  same  throughout  his  course  in  mining  engineering  condition,  ly 
upon  his  maintaining  a  grade  of  at  least  6.75  m  all  subjects.  The  next 
scheduled  competition  will  be  in  ion. 

MEDALS  AND  PRIZES 

Prize  of  the  A  prize  of  $50  is  awarded  annually  by  the  New  Jer- 

New  Jersey  sey  Alumni  Association  to  the  New  Jersey  studen :  who 

Alumn!  passes  the  best  entrance  examinations  to  the  School  , 

AssocTation  with  the  proviso  that  before  the  award  the  student  shall 

Association  satisfactorily  one  half-year  of  academic  work. 
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Barnard  A  gold  medal  valued  at  $200,  endowed  by  President 

Medal  Barnard,    is    awarded    quinquennially     (next    award, 

1910)  on  the  recommendation  of  the  National  Academy 
of  Science  to  the  person  who  within  the  five  years  next  preceding  shall 
have  made  such  discovery  in  physical  or  astronomical  science,  or  such 
novel  application  of  science  to  purposes  beneficial  to  the  human  race 
as  shall  be  esteemed  most  worthy  of  such  honor.  For  details  and  for  a 
list  of  previous  awards  see  the  Annual  Catalogue  of  the  University. 

Illig  Medals  A  bequest  of  $2,000  by  William  C.  Illig,  E.M.,  '82, 

provides  for  the  annual  award  of  medals  to  the  student 
or  students  in  the  graduating  class  of  these  Schools  who  shall,  in  the 
judgment  of  the  Faculty,  have  merited  the  same  by  commendable  pro- 
ficiency in  their  regular  studies. 

Darling  Prize  A  prize  in  Mechanical  Engineering,  the  income  of 
$1,000,  bequeathed  by  Edward  A.  Darling,  formerly 
Superintendent  of  Buildings  and  Grounds,  is  awarded  annually  to  the 
most  faithful  and  deserving  student  of  the  graduating  class  in  mechani- 
cal engineering,  the  recipient  to  be  chosen  by  members  of  the  graduating 
class  in  that  Course  from  among  three  names  to  be  chosen  by  the 
Faculty. 


OPPORTUNITIES   FOR  ADVANCED   INSTRUCTION  AND 

RESEARCH 

Special  attention  is  called  to  the  opportunities  offered  through  the 
Faculty  of  Pure  Science  to  men  who  have  received  the  Bachelor's 
degree  or  its  equivalent  from  any  recognized  college  or  scientific  school 
for  advanced  instruction  and  research  in  Mining  Engineering,  Metal- 
lurgy, Civil  Engineering,  Electrical  Engineering,  Mechanical  Engineer- 
ing, Chemical  Engineering  and  Chemistry,  leading  to  the  degrees  of 
A.M.  and  Ph.D.  Any  of  the  subjects  mentioned  above  may  be  offered 
as  a  major  or  minor  for  either  of  these  degrees.  An  outline  of  the 
courses  in  these  subjects  which  may  ba  offered  toward  the  higher 
degrees  by  candidates  who  have  completed  the  necessary  prerequisites 
will  be  found  in  this  announcement  (see  pp.  85,  92,  107,  112  and  118 
et  seq.),  and  the  general  regulations  as  to  graduate  work  are  printed  in 
the  Announcement  of  the  Faculties  of  Political  Science,  Philosophy 
and  Pure  Science,  which  may  be  had  upon  application  to  the  Secretary 
of  the  University.  Ordinarily,  the  degree  of  Master  of  Arts  may  be 
obtained  after  one  year's  work  in  residence  and  the  degree  of  Doctor 
of  Philosophy  after  three  years,  the  minimum  requirement  for  the  latter 
degree,  however,  being  two  years.  See  also  p.  144. 
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UNIFORM  CURRICULUM  FOR  THE  FIRST  YEAR 


The  curricu.um  for  the  first  year  °^<  X^lS. 

llllffiil 

S3  kernes  mL  ^^^T^ 

Division  A  is  complet.ng  Qualitative  Analysis,    he 
ing  the  operation  in  ^SSL^JS^SZ  to  advanced 
centration  of  work,    t  faci  nates  in  prepared  students 

standing  from  other  institutions;  a^;'e"ab'f  the  University  Summer 

twelve  sections. 


/^Vs/  Half  Year 


Hours  per  week 


See  Page 


86 
Q5 
05 
no. 
119 
120 


Chemistry  3 
Drafting  1 
Drafting  3 
Mathematics  1 
Mathematics  3 
Mechanics,  1 
Phys.  Educ.  A 
Physics  3 


Class 


General  Inorganic  Chemistry 

Engineering  Drafting 

Descriptive  Geometry 

Algebra 

Analytical  Geometry 

Elementary  Mechanics, 

g£S"S?  Mechanics,  Properties  of 
Matter  and  Heat  Total. 


Lab'y 


Second  Half  Year 


78 
71 
73 
95 
95 
119 
120 


Civil  Eng.  2 
Chemistry  4 
Chemistry  62 
Mathematics  2 
Mathematics  4 
Phys.  Educ.  A 
Physics  4 


Theory  of  Surveying 
General  Inorganic  Chemistry 
Qualitative  Analysis 
Differental  Calculus 
Analytical  Geometry 

Unsound,  Electricity  &  Magnetism 

Total, 


15 


j„^bWqRk:  civnini^r-Fi^e^^niESji^i^ 
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MINING  ENGINEERING 

General   Statement 

The  instruction  in  the  School  of  Mines  during  the  first  and  second 
years  includes  fundamental  training  in  mathematics,  physics,  mechanics, 
chemistry,  mineralogy,  and  geology  as  outlined  in  the  program  of 
studies  on  page  24.  Laboratory  instruction  in  chemistry,  assaying, 
drafting,  mineralogy  and  geology  extends  through  three  years. 

In  the  engineering,  mining,  and  metallurgical  laboratories  the  student 
is  given  opportunity  for  experimental  study  of  these  subjects,  supple- 
menting and  illustrating  the  instruction  given  in  the  class  room.  These 
laboratories  are  also  equipped  to  train  the  student  in  the  making  of 
scientific  tests  of  engineering  materials,  and  working  tests  of  machines 
and  processes  of  ore  treatment,  thus  preparing  him,  as  far  as  it  is 
possible  in  the  school,  for  work  that  he  will  be  called  upon  to  do 
as  an  engineer. 

Practical  instruction  in  summer  classes  in  the  field  is  made  an  im- 
portant feature  of  the  curriculum.  Details  of  the  summer  courses  in 
mining,  metallurgy,  field  geology  and  surveying  will  be  found  on 
pages  29,  30  and  31. 

While  much  time  is  given  to  practical  training  in  the  laboratories, 
in  the  field,  and  at  the  mines  and  metallurgical  establishments,  care  is 
taken  to  subordinate  this  instruction  to  a  high  standard  of  accomplish- 
ment in  the  regular  classroom  work. 

The  courses  are  severe,  and  should  be  undertaken  only  by  those  who 
are  well  prepared  physically,  mentally,  and  by  previous  training  to 
devote  themselves  earnestly  to  the  work  required  of  them. 

Advanced  Students  and  Graduates  can  choose  their  subjects  and  plan 
of  work  much  more  freely  than  undergraduates. 

Suggestions  as  to  graduate  work  will  be  found  on  pages  118-119. 

Situation — Many  coal,  iron,  and  other  mines,  together  with  quarries 
and  metallurgical  works,  are  easily  accessible  from  New  York  in  from 
one  to  four  hours  by  rail.  Among  these  are  magnetic  iron  mines  in  New 
York,  New  Jersey,  and  Pennsylvania;  stone  quarries  in  the  same 
States,  and  in  Connecticut;  anthracite  and  bituminous  coal  mines, 
and  natural  gas  and  oil  wells  in  Pennsylvania,  and  zinc  mines  in  New 
Jersey.  New  York  and  the  adjacent  States  produce  each  year  about 
half  the  pig-iron  and  coal,  and  over  fifty  per  cent,  of  the  total  value 
of  the  mineral  product  of  the  whole  country.  There  are  within  easy 
reach  of  New  York  City  iron  blast  furnaces  and  some  of  the  most 
skilfully  designed  and  managed  steel  works,  rolling  mills,  steel  and 
iron  foundries,  copper  smelting  and  refining  works,  lead  refining  works, 
zinc  works,  and  electrolytic  establishments  in  the  world.  New  York 
City,   moreover,   is  the  headquarters   of  many   corporations  operating 
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raines  and  metallurgical  works  in  Jf--^^  jfft^ 

radius  of  one.hundred  n,,es  nra^b     snd,ed  many  p  ^  ^ 

practice  in  mining  and  met  a  £W£  t  ^  the  „atural 

farther  one  may  reach  the ,b'tu™"ou  .      d        its>  and  gran.te 

oil  and  salt  regions  m  one  direction and  thew  P       ^  ^  other; 

and  marble  quarries  of  New  York  ana  a  e .  ^ 

whi,e  the  excursions  of  <*%>>%%££%%  San,  Missouri, 
Zl^oSSSL  and  Utah  (see  page  *). 
"^The    six-story    Scho J    of    Min« ;  g*. Jg- £ 
Mr.   Adolph  Lewisohn,  is   H5  I eet   lonf  by  57   £\         laboratories. 
basement    and    sub-basement    contain    the    or    <^Mn  and 

On  the  main  floor  are  ^^0^^^  of  the  depart- 
lecture  rooms.  On  the  secono  h,ii„„s(al  deoartment  libraries,  a 
ment  of  mining,  the  mining  *"d  metallurg eaWepar tm  rf  ^ 


department 

Equipment 


LECTUEE  I^sra^s-The  lectur es  on  mining  -  ~ed^ 
sets  of   books   aggregating   over   300  volumes,  an „ 

MINIKC  I—The  University  library  contan .  -£•,-£ 
,he  transactions  of  all  ^7^^^,  "on  these  subjects. 

SL-ftr?  ^s:  twits 

CaWffjWfi  accessible  to  student, 


"MlTM^M-The  subject  of  mining  is  J^^SS 
as  follows:  Maps  of  coal  and  metal  mines  of  this  and  ot h  ^  ^ 

Working  drawings,  diagrams,  and  pho  ograph    ot  m        P 

mi„ing  and  dressing  »™^  J*?**  Xel      hammers,   drills, 

and   of   mine  plant.     M.n.ng   tools,   pick s    shov 

blasting   apparatus,   lamps,    safety ^.^"t^  in  tWs  and 

2  r«.f  csrs=£  Starts 


measuring  shafts. 
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Among  the  more  notable  exhibits  is  a  large  relief  model  of  one  of  the 
mines  of  the  Cleveland-Cliffs  Iron  Mining  Co.  of  Michigan,  a  similar 
model  of  a  typical  gold  mine  in  Colorado,  and  a  set  of  three  glass 
models  and  two  relief  models  of  the  Copper  Queen  Mine  in  Arizona,  a 
model  of  the  mine  workings  in  the  Mahonoy  and  Shenandoah  anthra- 
cite coal  basins  Pennsylvania,  a  glass  model  of  the  mine  workings  on 
the  Calumet  Conglomerate  of  Houghton  County,  Michigan,  a  model 
of  a  standard  oil-well  drilling  rig,  and  a  model  of  the  St.  Joseph  Lead 
Co.'s  dressing  works  at  Bonne  Terre,  Missouri. 

A  collection  of  working  drawings  of  mine  plant,  and  a  large  collection 
of  underground  photographs,  taken  by  magnesium  light,  are  worthy  of 
special  notice. 

Mining  Laboratories — These  laboratories,  occupying  seven  rooms, 
serve  to  supplement  the  study  of  ore  concentration  and  milling  made 
by  the  student  as  a  part  of  his  summer  work,  and  afford  him  facilities 
for  such  study  that  cannot  well  be  given  at  the  works.  They  include 
the  following: 

The  Laboratory  for  Mechanical  Assays  contains  appliances  for 
quantitative  work  in  hand  picking,  jigging  and  vanning  small  samples 
of  ore,  and  for  panning  gold-bearing  gravel.  For  small  scale  working 
tests  there  are  a  number  of  specially  designed  laboratory  classifiers, 
laboratory  jigs,  and  laboratory  slime  tables. 

The  Crushing  and  Sampling  Laboratory  contains  machinery  for 
crushing  and  sampling  large  and  small  lots  of  ore,  including  gyratory 
and  jaw  crushers,  rolls,  a  sample  grinder,  ball  and  pebble  mills  for  fine 
crushing,  gyratory  screens,  automatic  samplers,  and  laboratory  crushers, 
together  with  sieves,  riffle  samplers,  etc. 

The  Laboratory  for  Working  Tests  contains  a  small  vanning  jig, 
an  air  jig,  a  buddle,  a  keeve,  magnetic  and  electrostatic  separators,  and 
other  similar  apparatus  for  working  a  ton  or  more  of  ore  at  a  time. 

The  Laboratory  of  Dressing  Machinery  contains  full-sized  ma- 
chines of  standard  types,  each  arranged  so  that  the  products,  heads, 
middlings  and  tailings  are  returned  at  once  to  the  same  machine  for 
re-treatment.  With  a  small  quantity  of  ore  each  machine  can  thus  be 
operated  as  long  as  may  be  necessary,  and  the  student  is  afforded  an 
opportunity  to  become  familiar  with  the  adjustments  of  the  machine 
and  the  tests  of  proper  and  successful  working.  The  apparatus  now 
installed  includes  three  Harz  jigs  of  two,  three  and  five  compartments, 
a  Richards'  pulsator  jig  and  two  pulsator  classifiers,  two  round 
tables,  concave  and  convex,  a  Johnston  vanner,  a  Wilfley  table,  and 
a  Stein-Bilharz  belt  table.  On  the  floor  below  are  full-sized 
classifiers,  dewatering  cones,  automatic  feeders,  and  centrifugal  pumps 
for  supplying  these  machines  with  water  and  ore  for  continuous  work. 
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Mining  Laboratory  Instruction 

a   ■     A^neA   (I)   to  illustrate   the  physical  laws 
The  work  requ.red   IS  designed   ' I  >'  ,  cc,ncentration,  separa- 

a„d  practical  conditions ,  affecting    he  meeh  n    a  ^^  fa 

tion,  and  purification  of  m  nerals ,  V>*  ^  ^  sc 

sir.s^rrsr.r.o",^ ><«»«" 

research.  ore    0f    ore    to 

THe   woih   ^^suo^iol  oX^by  handpicking, 
laboratory  samples,  an  1 _ tcs      on  p  ^^    ..^   d 

hand   jigging,    and    m«tanica t.ea  ^  treatment_ 

hers,  and  slime  ^*£%^%£%l  vanning  samples  o£  the 
^l^J^TJVZ  obtained  are  made  in  a  systematic 

many  hours  as  may  be  neces^ry ,  ^ g^        ^^  ^        d 
water  again  and  again.     IMS  is  a         "  from   which  the 

of   the  several   machines  th™»8^"^^  ^t^tic  feeders.    Vari- 

machines,  and  to  tfve  "pportun, ty  _   or  en  u      r    g  .^^ 

and  efficiency  under  Afferent  <=°"*t'^s  °f  ™ply,  of   ,he   feed   and 

the   adjustment   and  regulation   of   ^     ore   supp  y,  ^  ^ 
wash   water,   of   speed,   stroke,   «*i  ■ other  w          g 

treatment  of   different  ores  and   d  ffe.ent   grades  ^ 

Tn   this    work   the   student   is   "f^^XSe  aid  of  laboratory 

irregular  working,  to  diagnose the  trouble  w  he    ^ 

tests,    and    to    apply    '"^^gl^ent  samples   of  the   ore 
tests  of  capac.ty   and  efficiency,  takin„         1  examination,  and 

feed,  and  of  the  different  Products  for  ^"«  obtained. 

weighs  and  measures  the  ore  and  water ^supply and  P  ^  ^ 

Experiments  of  this  kind  for  purpose    of  «W      ^.^  must 
made  at  concentration  works  in  the  held,     n  .        ference  with 

valuable  mineral. 
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Research  Work — The  laboratories  have  facilities  for  original  investi- 
gation in  the  physical  laws  controlling  the  mechanical  treatment  of 
minerals. 

Original  researches  have  recently  been  undertaken  by  graduate 
students  in : 

Investigation  of  magnetic  fields  with  reference  to  ore-concentration; 
the  effect  of  variations  in  the  speed  of  crushing  machinery  on  the 
production  of  undersized  material;  the  amalgamation  of  gold  ores; 
an   investigation   of   the  laws   of  jigging. 

Mining  Thesis 

The  subjects  for  the  graduation  theses  are  assigned  during  the  third 
year,  and  are  made  a  part  of  the  regular  course  of  instruction.  The 
subject  given  in  each  case  is  the  problem  of  the  opening  and  develop- 
ment of  a  mine,  supposed  to  be  located  in  some  well-known  mining 
district,  and  for  which  certain  definite  conditions  as  to  size  and  char- 
acter of  ore  body,  amount  of  water  to  be  pumped,  and  quantity  of  ore 
to  be  mined,  are  assumed.  During  the  summer  field  work  in  mining 
the  student  incidentally  obtains  data  for  his  thesis  work.  This  infor- 
mation is  supplemented  by  study  of  books  and  technical  literature. 
During  the  fourth  year  he  decides  upon  the  proper  methods  for 
opening,  developing,  and  working  the  property;  and  makes  estimates 
of  the  plant,  machinery  and  capital  required,  the  cost  of  working,  and 
the  probable  profits.  He  also  works  out  in  detail  certain  portions  of 
the  proposed  mine  plant,  and  prepares  a  set  of  working  drawings, 
bills  of  materials  and  specifications  therefor.  This  work,  done  under 
the  supervision  of  competent  instructors,  constitutes  both  a  review 
and  a  series  of  practical  applications  of  the  preparatory  studies  and 
enables  the  students  to  discover  and  remedy  their  deficiencies,  giving 
them  confidence  in  their  ability  to  work  out  similar  problems  later. 

Summer  Courses 

Summer  Courses  in  Surveying — These  courses  are  conducted  during 
thirteen  weeks  of  the  summer  vacations  at  a  large  farm  owned  by  the 
University  near  Litchfield,  Conn.  About  five  weeks'  attendance  is  re- 
quired of  each  class  between  the  first  and  second  years,  and  eight  weeks 
between  the  second  and  third  years.  A  fuller  statement  with  regard 
to  this  work  will  be  found  on  page  44. 

Summer  Course  in  Practical  Mining — Eight  weeks  are  spent, 
usually  under  the  supervision  of  the  Department,  in  detailed  study  of 
the  plant  and  methods  of  working  at  some  mine  or  mines,  in  mine 
surveying,  and  in  excursions  to  other  mines  and  mining  regions.  The 
course  includes  shaft-sinking,  drifting,  stoping,  timbering,  underground 
haulage,  hoisting,  mine  drainage,  ventilation,  surface  plant,  mine  build- 
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incs  repair  shops,  houses,  etc.,  water  supply,  organization  administra- 
£?  and  underground  surveying.  The  students  are  divided  into  smal 
sounds  and  assigned  each  day  to  a  foreman,  or  working  gang  o 
Jner "  for  the  study  of  some  definite  subject  Each  squad  is  visited 
frequently  by  the  instructor,  who  examines  their  work  and  indicates 
subjects  demanding  special  study  and  observation.  Manual  labor  and 
he  acquirement  of  manual  dexterity  are  subordinated  to  the  develop- 
ment of  his  powers  of  observation,  and  to  the  careful  study  of  the 
work  going  on  about  him,  and  the  recording  of  his  observations  and 
Z ly  in  notes  and  sketches  taken  on  the  spot.  The  students'  note-books 
are  examined  and  criticised  each  evening.  By  thus  systematizing  the 
work  of  the  student,  time  is  economized,  and  the  work  done  more 
thoroughly.  Arrangements  are  also  made  at  other  mines,  by  which 
£  student,,  singly  or  in  small  groups,  may  substitute  *«&*£ 
work  described  above  independent  study,  according  to  a  definite  plan 
and  under  the  general  direction  of  the  department. 

These  summer  courses  have  been  in  operation  since  1877,  and  have 
proved  themselves  an  indispensable  adjunct  to  the  regular  curriculum 
They  bear  the  same  relation  to  the  study  of  mining  as  laboratory  work 
to  the  study  of  chemistry  or  physics,  or  clinical  instruction  and  hospital 
practice  to  the  study  of  medicine. 

In  1907,  the  class  was  distributed  in  small  squads  at  gold  silver, 
copper  and  iron  mines  in  Michigan,  Minnesota,  Montana,  Colorado, 
Arizona  and  British  Columbia.  The  time  occupied  was  from  7  to  10 
weeks.  Several  members  of  the  class  obtained  positions  at  mines  for 
the  entire  summer. 

In  1908,  a  division  of  the  class,  in  charge  of  an  instructor,  studied 
at  the  lead  mines  of  the  Federal  Lead  Co.,  Flat  River,  Mo    and  the 
zinc  mines  of  the  Joplin  district,  Mo.     The  larger  part  of  the  class 
was  sent  out  in  separate  squads  to  copper,  iron,  gold  and  silver  mines 
in  the  West,   at  which  arrangements  were  previously   made  and   the 
necessary  privileges  secured.    Among  these  mines  were  the  Wolverine, 
Michigan;    Golden   Reward,   Mogul   and   Homestake,    South   Dakota ; 
Silver  Bow  and  others  of  Butte,  Montana;  the  properties  of  the  Tenn- 
essee   Copper    Co.,    and    a    number    of    mines    in    Bisbee,    Tombstone, 
Cananea    Cripple  Creek  and  Leadville.     Several  members  of  the  class 
obtZd  underground  work  in  the  Center  Star  and  War  Bag  e :  mines, 
British  Columbia,  in  Butte  and  elsewhere.    The  class  numbered  40  men. 
In    1909  the    entire   class   of   39  students   was   again   distributed    in 
small  squads  at  gold,  silver,  copper,  zinc,  lead,  coal  and  iron  mines, 
in    Colorado,    Utah,    Arizona,    Idaho,    Montana,    Michigan,    Missouri, 
Tennessee  and  Pennsylvania.     The  time  occupied  was   from  7  to   10 
weeks     This  work  was  preceded  by  one  week's  underground  surveying, 
in  charge  of  instructors,  at  the  Orchard  iron  mine,  near  Dover,  N.  J. 
In  1005  and  1906  the  non-ferrous  summer  class  in  metallurgy  visited 
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copper,  lead,  gold,  silver  and  zinc  works  in  the  vicinity  of  New  York 
City.  The  work  in  iron  and  steel  was  performed  at  several  iron  and 
steel  works  in  the  vicinity  of  Pittsburg  in  1905.  In  1907  students  in 
metallurgy  visited  more  than  twenty  iron  and  steel  plants  near  Pitts- 
burg. In  1908  and  1909  this  work  was  done  chiefly  in  the  several 
districts  visited  by  the  squads  of  mining  students. 

In  addition  to  these  courses  the  students  visit  several  iron  and  steel 
works  in  the  neighborhood  of  New  York  during  the  Easter  vacation. 
This  visit  is  optional  for  all  students  who  are  taking,  or  have  taken, 
Metallurgy  5A  or  4. 

Summer  Courses  in  Geology— One  week  is  devoted  to  practical 
field  geology.  The  class  is  instructed  in  methods  of  field  observation, 
locating  outcrops,  measuring  dip  and  strike,  keeping  notes,  etc.,  after- 
ward constructing  maps  and  geological  sections  from  the  observations 
noted;  all  under  the  supervision  of  the  Professor  of  Geology. 

Other  Departments 

Information  as  to  instruction  and  the  equipment  available  for  students 
of  Mining  and  Metallurgy  in  other  departments  of  the  University  is  to 
be  found  in  this  pamphlet  as  follows: 

Chemistry  and  Assaying,  71 ;  Civil  Engineering  and  Surveying,  78 ; 
Electrical  Engineering,  87;  Geology,  93;  Mathematics,  95;  Mechanical 
Engineering,  96;  Mineralogy,  113;  Physics  and  Mechanics,  119;  Met- 
allurgy, 108. 
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ENGINEER  OF  MINES 

i  a •„„  tn  the  decree  of  Engineer  of  Mines  is 
The  four-year  conrse  leading  «?*«**£  °he  de*elopment  of  min- 
intended  primarily  to  tram  men  '^"f.^'.^  Ints  and  to  manage 
eral  properties,  the  design  and  constructs  of  mine  plant* ann 
Zl  The  course  includes  training  ,n  »^ rgy  J^-^L 
^WS^iS^  SV £-  desiring  a 

mineralogy,  and  ^'^  needs  a  fundamental  knowledge  of 

Engineering  in  all  its  branches  n  The    proper 

mathematics,    physics,    mechanics,    and tnerr .      y 

nf  machinery  to  mining  make  it  neces>s<ny   iu  5 

theory  and  Practice  of  mechanical  and  electrical  engineering. 

FIRST   YEAR 
See  page  24. 
SECOND    YEAR  


First  Half  Yeai 


Hours  per  week 


See  Page 


79 
76 
86 

120 
96 

113 

lie} 


Civil  Eng.  23 
Chemistry  81 
Drafting  7 
Physics  5 
Mathematics  65 
Mineralogy  1 
Phys.  Educ.  B 


Theory  of  Railroad  Surveying 

Industrial  Chemistry 

Structural  Drafting 

Electricity 

Calculus 

Mineralogy 

Gymnasium 


Class 


Lab'y 


Total 


Second  Half  Year 


Chemistry  66 
Chemistry  82 
Elect.  Eng.  2 
Geology  6 
Mechanics  102 
Phys.  Educ.  B 


Quantitative  Analysis 
Industrial  Chemistry 
Elements  of  the  Dynamo 
General  Geology     . 
Analytical  Mechanics 
Gymnasium 


Total  . 


19 
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THIRD    YEAR 


First  Half  Yea) 


Hours  per  week 


See  Page 


Civil  Eng.  53 
Civil  Eng  53 
Chemistry  69 
Geologv  105 
Mech.  Eng.  13 
Mech.  Eng.  17 
Mining  51 


Resistance  of  Materials 
Resistance  of  Materials  (Testing  Lab  ) 
Assaying- 
Economic  Geology 
Steam  Power  Machinery 
Technical  Thermodynamics 
Excavation  and  Tunneling 

Total . . 


CI 


Second  Half  Y 


Civil  Eng.  54 
Civil  Eng.  64 
Elect.  Eng.  72 
Elect.  Eng.  4 
Geology  4 
Geology  106 
Mech.  Eng.  14 
Mech.  Eng.  76 
Mineralogy  6 
Mining  52 
Mining  54 


Resistance  of  Materials  -  problem  work 

Graphic  Statics 

Direct  Current  Laboratory 

Electric  Distribution 

Petrography  (6  hrs.  for  2  months) 

Economic  Geology 

Steam  Power  Machinery 

Experimental  Mechanical  Engineering 

Optical  Mineralogy  (6  hrs.  for  2  mos  ) 

Boring  &  Shaft  Sinking 

Methods  of  Mining 

Total.. 


Summer  Work  :  Field  work,  Mining,  Metallurgy, 


and  Geology  (8  to  10  weeks). 


FOURTH  YEAR 
First  Half  Year 


Elect.  Eng.  75 
Geology  201 
Metallurgy  iox, 

in 
Metallurgy  131, 

141 
Mining  71 
Mining  73 
Mining  75 
Mining  81 
Mining  91 


Alternating  Current  Laboratory 
Petrography  (elective) 

Introduction  and  Metallurgy  of  Copper 

Electro-Metallurgy  and  Iron  and  Steel 

Mine  Plant 

Mine  Constructions 

Design  of  Mine  Plant 

Ore  Dressing 

Mine  Administration  and  Accounts 

Total . . 


Second  Half  Year 


Civil  Eng.  76 
Geology  16 
Geology  no 
Mech.  Eng.  74 
Metallurgy  72 
Metallurgy  122 
Mining  56 
Mining  72 
Mining  78 
Mining  80 
Mining  82 
Mining  94 


Hydraulics 

Paleontology  (elective) 

Geological  Surveys 

Gas  Power  Machinery 

Metallurgical  Laboratory  (10  af  ts) 

Metallurgy  of  Gold,  Silver,  etc. 

Mine  Engineering 

Mine  Plant 

Thesis 

Mill  Constructions 

Ore  Dressing  (Lab.)— (afts.  of  3  weeks) 

Mining  Law 

Total . . 


13 
3 

17 
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METALLURGICAL  ENGINEERING 
General   Statement 

The  primary  aim  of  the  four-year  course  leading  to  ***«"»«* 
Metallurgical  Engineer  is  to  begin  the  training  of  students  to  take, 
S  minor  administrative  positions  in  metallurgy,  works,  or  positions 
in  analytical,  metallographic,  or  testing  laboratories  of  these  works  and 
Uter  to  take  complete  charge  of  metallurgical  and  allied  industries. 
Great  stress  is  laid  on  the  original  plannmg  and  executing  of  work, 
under  constant  criticism  and  discussion  from  the  teachers 

Much  importance  is  attached  to  a  thorough  training  m  fundamental 
subjects,  especially  in  mathematics,  chemistry,  phys.cs,  geology  nun- 
eralogy,  and  engineering.  Later  in  the  course  attention  is  devoted  to 
the  higher  branches  of  engineering  and  chemistry  and  to  important 
courses  in  mining  engineering  which  are  considered  necessary 

Z  studying  these  general  subjects  their  applications  to  metallurgical 
and  hke  manufacture  are  kept  in  view,  so  ns  to  train  the  student  for 

the  work  before  him.  ,  , 

The  instruction  in  metallurgy  is  based  on  the  most  advanced  pract.ee 
in  science  of  to-day  and  covers  the  ground  from  the  mtroductory 
courses  in  metallurgy  to  the  special  advanced  courses  m  the  vanous 

b"CX^t  aivancei  stents  and  properly  qualified  prac- 
titioners the  department's  laboratories  are  open  under  t««°""*^ 
tions.    Special  students  are  admitted  for  study  and  work  for  which  they 

are  fitted. 

Location  and  Equipment 

Location.  New  York  and  the  adjacent  states  produce  about  half  the 
pig  iron  and  coal,  and  treat  over  Ao  per  cent,  of  the  total  value  of 
the  mineral  product  of  the  whole  country. 

Metallurgical  Establishments  Accessible.  Some  of  the  most  instructive 
and  advanced  iron,  steel,  copper,  lead,  zinc,  and  electrolytic  works, 
where  many  phases  of  the  best  metallurgical  practice  may  be  studied 
Tre  accessible  to  students.  Some  of  these  works  are  among  the 
De  t  in  the  world.  A  little  farther  off  are  the  natural  gas  anc o JWds, 
pyrite  deposits,  granite,  and  marble  quarries  of  the  east.  The  summer 
classes  visit  in  different  years  metallurgical  establishments  in  all  parts 
of  the  country,  including  the  extreme  west  and  south. 

Building.  The  department  occupies  about  half  of  the  new  School  of 
Mines  Building  generously  given  by  Adolph  Lewisohn,  Esq.,  and  de- 
scribed  on  p.  26. 
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Collections.  There  are  large  and  growing  collections  of  lecture  dia- 
grams; of  models  and  working  drawings  of  metallurgical  furnaces  and 
machinery;  of  apparatus  for  lecture  demonstration  and  illustration  of 
metallurgical  principles  and  processes;  and  a  very  large  collection  of 
metallurgical  specimens  and  suites,  with  descriptive  and  explana- 
tory notes. 

Metallurgical  Laboratories.  Of  these  there  are  three.  They  serve 
four  chief  purposes:  (i)  to  give  skill  in  the  use  of  the  instruments  of 
precision  of  the  art;  (2)  to  teach  the  underlying  principles  of  metal- 
lurgy and  give  familiarity  with  the  conditions,  especially  as  to  high 
temperature,  under  which  metallurgical  operations  must  be  carried  on, 
and  the  use  of  the  principal  types  of  furnaces  and  other  metallurgical 
apparatus,  or  in  short  "Analytical  metallurgy";  (3)  to  give  some  ac- 
quaintance with  certain  industrial  metallurgical  processes,  or  what  may 
be  called  "Applied  metallurgy" ;  and  (4)  to  give  advanced  students  and 
qualified  practitioners  the  means  of  making  metallurgical  and  metal- 
lographic  researches. 

The  Instruments  of  Precision.  The  students  acquire  skill  with  the 
thermo-electric  pyrometer,  some  industrial  and  some  autographic,  with 
the  Wanner  optical  and  the  Fery  radiation  pyrometer,  besides  which 
they  have  the  opportunity  of  using  the  Mesure  and  Noel  (Ducretet) 
and  the  Le  Chatelier  optical  and  the  Calorimetric  one  of  Siemens. 
There  are  ammeters  and  voltmeters  for  controlling  the  electric  furnaces ; 
sclerometers  for  measuring  hardness;  Fremont  and  Brinell  impact 
testing  machines;  a  tensile  testing  machine;  a  Berthelot  calorimeter 
for  testing  fuels;  and  many  other  instruments. 

The  metal  working  shop  has  power-driven  machines  for  cutting 
specimens,  etc. 

Most  of  the  furnaces  are  gas-fired,  and  those  furnaces  which  are  in- 
tended for  precise  work  are  heated  by  electric  resistance. 

N  on-Ferrous  and  Electro -Metallurgical  Laboratory.  A.  For  wet  and 
dry  metallurgy,  the  extraction,  refining,  and  alloying  of  the  non-ferrous 
metals,  there  are  ore  roasting  furnaces;  gas-fired  crucible  furnaces; 
assay  muffle  furnaces;  a  high  temperature  forge;  cyanide  plants;  a  filter 
press;  amalgamating  pans;  a  chlorinating  barrel;  ball  mills;  two 
desilverization  kettles ;  and  pyrometers. 

B.  For  electro-metallurgy,  the  electrical  recovery,  deposition,  refining, 
and  alloying  of  metals,  there  are  storage  batteries ;  electrolytic  refining 
vats;  and  electric  furnaces  of  the  Moissan  arc,  Borchers  arc  and  re- 
sistance types. 

The  Iron  and  Steel  Laboratory.  Here  there  are  electric  and  double 
muffle  gas  furnaces  especially  designed  for  this  laboratory,  in  which 
many  full-sized  tensile  test  bars  may  simultaneously  be  heated  to  any 
temperature  up  to  13000  C,  with  uniformity  and  precision ;  gas  and 
direct-fired  crucible  furnaces;  gas  forges;  many  special  furnaces;  and 
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small  power-driven  rolls  for  studying  the  influence  of  the  conditions  of 
rolling  on  the  properties  of  metals.  _ 

The  Metallographic  Laboratories,  for  the  microscopic  and  pyrometnc 
study  of  metals,  mattes,  slags,  etc.,  in  which  every  student  in  metal- 
lurgical engineering  has  to  become  skillful,  has  microscopes  of  the 
Leitz,  Le  Chatelier,  Swift,  Beck,  and  other  types;  equipment  for 
illumination  and  photography;  electric  resistance  furnaces  of  different 
types;  portable  gas   furnaces;  and  pyrometers. 

An  Analytical  Laboratory  in  which  the  students  apply  to  their  own 
metallurgical  researches  the  methods  of  chemical  analysis  already 
learned  in  the  Department  of  Chemistry  (p.  70- 

Supplies  There  is  a  large  stock  of  ores,  irons,  steels,  alloys,  refrac- 
tory materials,  fluxes,  etc.,  which  may  be  used  for  investigations 

The  Metallurgical  Library,  containing  about  fifteen  hundred  volumes 
of  metallurgical  treatises,  text-books,  periodicals,  etc.,  is  open  to  al 
students,  and  to  others  properly  introduced.  Books  may  be  borrowed 
under  suitable  restriction. 

The  undergraduate  instruction  consists  of  (i)  class-room  work,  lec- 
tures conferences,  study  of  text-books,  etc.  (see  p.  34),  (a)  general 
laboratory  work  in  metallurgy  (sec  below);  (3)  training  in  planning 
and  executing  original  research;  (4)  summer  courses  and  other  visits 
to  industrial  metallurgical  works. 

The  araduate  instruction  consists  primarily  of  original  research  either 
in  the  departmental  laboratories,  in  industrial  works,  or  by  study   (see 

p.   112). 

Metallurgical  Laboratory  Instruction 

In  order  to  become  familiar  with  a  wide  range  of  the  conditions 
and  principles  of  metallurgy,  the  student  makes  many  experiments,  each 
illustrating,  testing,  or  aiming  to  discover  some  one  or  more  metal- 
lurgical principles  or  reactions,  or  the  conditions  which  permit  a  given 
reaction  to  occur.  He  must,  in  general,  after  each  experiment  enun- 
ciate briefly  in  writing  the  law  to  which  his  results  point,  or  indicate 
how  far  those  results  severally  and  collectively  support  or  oppose  a 
given  proposition.  .  , 

These  experiments  relate  chiefly  to  such  subjects  as  the  influence  of 
thermal  treatment  on  the  properties  and  microstructure  of  metals  and 
alloys,  especially  iron  and  steel;  the  determination  of  melting  points  and 
other  temperatures;  the  relation  between  the  composition  of  slags  and 
their  fusibility;  the  influence  of  fluxes;  the  behavior  of  refractory  ma- 
terials at  high  temperatures,  either  alone  or  in  contact  with  different 
slags-  the  temperature  limits  and  the  reactions  of  roasting  operations; 
the  influence  of  various  bodies  on  the  reactions  which  take  place  in 
roasting,  in  the  cyanide  process,  in  the  chlorination  process,  and  in  pan 
amalgamation;  the  interaction  of  carbon  and  molten  oxides,  sulphides, 
silicates,  etc.,  etc. 
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Metallurgical   Thesis 

Before  entering  the  fourth  year,  students  are  assigned  subjects  for 
their  thesis  work  which  is  covered  by  the  courses  in  metallurgical  plant 
construction  (course  177)  and  thesis  proper  (course  78).  In  the 
former,  the  students  are  assigned  problems  in  metallurgical  plant 
construction  and  are  required  to  design  plants,  or  portions  of  them, 
for  the  purpose  of  treating  certain  classes  of  ores  and  accomplishing 
definite  results.  The  field  work  of  the  preceding  summer  furnishes 
data  which  is  supplemented  by  reading  technical  literature  and  investi- 
gations. The  work  is  under  the  personal  supervision  of  the  instructor, 
and  is  carried  on  mainly  in  the  drafting  room  of  the  department.  In 
the  thesis  work  proper,  the  student  is  given  a  problem  relating  to 
metallurgical  operations  which  requires  special  investigation  in  the 
laboratories  and  knowledge  of  metallurgical  principles,  and  especially 
of  chemical  reaction  as  applied  to  metallurgy.  After  a  careful  study 
of  the  subject  and  formulating  a  specific  plan  for  carrying  out  the 
desired  work,  he  executes  an  investigation  along  the  lines  thus 
planned,  and  in  his  graduating  thesis  describes  his  experiments  and 
results  in  detail,  summarizes  them  in  tables  and  diagrams,  and  shows 
briefly  and  clearly  what  their  answer  to  his  problem  is.  The  course 
in  metallurgical  investigations  (Course  175)  is  for  the  purpose  of 
instructing  the  student  in  conferences  the  proper  methods  of  carrying 
on  work  outlined  above. 


SUMMER   COURSES 


Summer  Courses  in  Metallurgy — No.  62s  for  mining  engineers 
consisting  of  visits  to  non-ferrous  metallurgical  plants  for  a  period  of 
one  week. 

For  metallurgical  engineers  the  summer  course  lasts  six  weeks  and 
includes  No.  64s,  visits  to  iron  and  steel  metallurgical  plants,  and  66s, 
visits  to  plants  for  other  metals.  On  these  trips,  which  cover  the 
practice  in  both  the  east  and  the  west,  the  students  are  instructed 
in  the  actual  metallurgical  operations  as  carried  on  in  the  field.  A 
prominent  part  of  these  courses  consists  of  work  such  as  making 
written  descriptions  of  the  processes,  and  sketches  of  the  furnaces  and 
other  apparatus,  with  dimensions,  usually  from  the  student's  own  esti- 
mate ;  explaining  the  principles  on  which  the  processes  rest,  the  reasons 
for  the  special  shapes  and  sizes  of  the  apparatus,  the  chief  technical 
difficulties,  how  they  are  overcome,  and  by  what  tests  the  processes 
are  controlled;  giving  the  number  of  men,  and,  as  far  as  practicable, 
the   consumption    of   fuel   and   other   materials,   the   thoroughness   of 
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recovery  of  the  metal  sought,  etc.  From  an  imaginary  set  of  prices 
and  wages  the  students  have  to  calculate  the  cost  and  profit  of  certain 
operations. 

Summer  Courses  in  Surveying— These  courses  are  conducted  during 
the  summer  vacation  after  the  first  and  second  year  at  a  large  farm 
owned  by  the  University  near  Litchfield,  Conn.  About  thirteen  weeks' 
attendance  is  required  of  the  class.  For  full  description  of  this  work 
see  page  44. 

Summer  Courses  in  Geology— After  the  third  year  at  least  one  week 
is  devoted  to  practical  field  geology.     For  details  see  page  94. 

Metallurgical  Fxcursions— Open  to  students  in  metallurgical  engi- 
neering only,  to  the  metallurgical  works  near  the  University.  At  stated 
times  excursions  to  the  neighboring  foundries,  machine  shops,  mines, 
and  other  points  of  interest  are  made,  the  students  attending  these 
excursions  in  squads  of  such  a  size  that  proper  individual  instruction 
can  be  given  to  each  member  of  the  squad. 

Other  Departments 

Information  as  to  instruction  and  the  equipment  available  for  students 
of  Mining  and  Metallurgy  in  other  departments  of  the  University  is  to 
be  found  in  this  pamphlet  as  follows : 

Chemistry  and  Assaying,  page  71;  Civil  Engineering  and  Survey- 
ing, page  78;  Electrical  Engineering,  page  87;  Geology,  page  93; 
Mathematics,  page  95;  Mechanical  Engineering,  page  96;  Mineralogy, 
page  113;  Mining,  page  114;  Physics  and  Mechanics,  page  119. 
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COURSE  LEADING  TO  THE  DEGREE  OF 
METALLURGICAL  ENGINEER 

This  course,  which  covers  four  years,  is  intended  for  those  who 
expect  to  follow  metallurgical  work  and  become  trained  metallurgists 
in  any  of  the  branches  of  the  profession.  For  the  first  two  years  much 
attention  is  paid  to  a  thorough  training  in  fundamental  subjects,  espe- 
cially in  mathematics,  chemistry,  physics,  geology,  mineralogy,  and 
preliminary  courses  in  engineering.  In  the  third  year  instruction  in 
metallurgy  begins  both  by  lectures  and  in  the  laboratories,  while 
courses  in  engineering,  especially  mechanical  engineering,  chemistry, 
and  geology,  are  also  provided  for.  The  fourth  year  is  devoted  largely 
to  advanced  courses  in  metallurgy,  and  great  stress  is  laid  on  giving, 
by  laboratory  work,  familiarity  with  difficult  high  temperature  con- 
ditions of  metallurgy,  skill  in  microscopy  and  pyrometry  and  training 
in  execution  and  in  the  interpretation  of  the  results  developed.  At 
the  same  time  attention  is  devoted  to  the  higher  branches  of  engineer- 
ing and  chemistry  and  to  important  courses  in  mining  engineering 
which  are  considered  necessary. 

In  the  summer  work,  carefully  arranged  courses  in  general  survey- 
ing, in  railroad  work,  geological  field  work,  and  visits  to  metallurgical 
works  are  provided  for.  In  the  six  weeks'  summer  courses  at  metal- 
lurgical works,  the  students  are  required  to  carefully  study  processes, 
make  dimension  sketches  of  furnaces  and  mills,  and  by  observation 
and  instruction  are  given  a  thorough  understanding  of  metallurgical 
operations  as  conducted  at  the  present  time. 

FIRST   YEAR 

See  page  24 
SECOND  YEAR 


First  Half  Year 

Hours  per  wee 

See  Page 

Class 

Lab'y 

79 
76 
120 
96 
114 
119 
120 

Civil  Eng.  23 
Chemistry  81 
Physics  5 
Mathematics  65 
Mineralogy  7 
Phys.  Educ.  B. 
Physics  43 

Theory  of  Railroad  Surveying 

Industrial  Chemistry 

Electricity 

Calculus 

Mineralogy 

Gymnasium 

Physical  Laboratory 

Total.. 

2 

3 
2 
5 
6 

3 

6 
2 
6 

18 

17 

Second  Half  Year 

74 
76 
86 
87 
93 
120 
119 

Chemistry  66 
Chemistry  82 
Drafting  8 
Elect.  Eng.  2 
Geology  6 
Mechanics  102 
Phys.  Educ.  B. 

Quantitative  Analysis 
Industrial  Chemistry 
Structural  Drafting 
Elements  of  the  Dynamo 
General  Geology 
Analytical  Mechanics 
Gymnasium 

Total.. 

3 
3 

2 

6 
5 

19 

12 

3 

2 
17 

Summer  Course 
Survey 

3 :  Surveying  Practice  5  weeks  (Civil  Eng 
ng  Practice  3  weeks  (Civil  Eng.  28S). 

.  27S). 
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THIRD  YEAR 
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First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

80 

Civil  Eng.  53 

Resistance  of  Materials 

5 
2 

3 
9 

75 

Chemistry  6g 

Assaying 

94 

Geology  105 

Economic  Geology 

3 
3 
2 

96 

Mech.  Eng.  13 

Steam  Power  Machinery 

96 

Mech.  Eng.  17 

Technical  Thermodynamics 

108 

Metallurgy  101 

Introduction  to  Metallurgy 

108 

Metallurgy  ixi 

Metallurgy  of  Copper 

2 

112 

Metallurgy  171 

Metallurgical  Laboratory 

Total.. 

6 

18 

18 

Second  Half  Year 

80 

Civil  Eng.  54 

Resistance  of  Materials— Prob.  &  Test- 
ing Lab.  Work 

6 

82 

Civil  Eng.  64 

Graphic  Statics 

3 
3 

88 

Elect.  Eng.  72 

Direct  Current  Laboratory 

88 

Elect.  Eng.  4 

Electric  Distribution 

90 

Geology  106 

Economic  Geology 

3 

3 

96 

Mech.  Eng.  14 

Steam  Power  Machinery 

106 

Mech.  Eng.  76 

Experimental  Mech.  Engineering 

3 

109 

Metallurgy  122 

Metallurgy  of  Lead,  Silver,  Gold  and 

Zinc 

3 
3 

"5 

Mining  54 

Methods  of  Mining 

Total.. 

16 

15 

SUMM 

er  Courses  :  Nor 

-ferrous  Works  Visits  3  weeks  (Met.  66S 

.     Iron  and 

Steel  V 

forks  Visits  3  weei 

.s  (Met.  64S).    Geology  Field  Work  1  wee 

k(Geol 

112S). 

FOURTH  YEAR 


First  Half  Year 

71 

88 
109 
no 

112 
112 

116 
117 
117 

Chemistry  121 
Elect.  Eng.  75 
Metal'gy  131 
Metal'gy  141 
Metal'gy  151 
Metallurgy  175 
Metallurgy  177 
Mining  73 
Mining  81 
Mining  gi 

Physical  Chemistry 
Alternating  Current  Laboratory 
Metallurgy  of  Iron  and  Steel  {%  term) 
Electro-metallurgy— {%  term) 
Constitution  of  Alloys— 3  hrs.  for  iowks. 
Metallurgical  Investigation 
Metallurgical  Plant  Construction 
Mine  Constructions 
Ore  Dressing 
Mine  Administration  and  Accounts 

Total.. 

3 

1 
1 
I 
2 

I 
4 
2 

3 
3 

12 

16 

18 

Second  Half  Year 

83 
71 
104 
112 
109 

log 
no 
no 
in 
116 
117 
117 

Civil  Eng.  76 
Chemistry  122 
Mech.  Eng.  72 
Metallurgy  78 
Metal'gy  118 
Metal'gy  128 
Metallurgy  134 
Metal'gy  138 
Metal'gy  148 
Mining  80 
Mining  82 
Mining  g4 

Hydraulics 

Physical  Chemistry 

Gas  Power  Machinery 

Thesis 

Advanced  Metallurgy  of  Copper 

Advanced  Metallurgy  of  Lead,  etc. 

Metallurgy  of  Iron  and  Steel  (optional) 

Advanced  Metal'gy  of  Iron  and  Steel 

Advanced  Electrometallurgy 

Mill  Constructions 

Ore  Dressing— 5  afts.  for  3  weeks 

Mining  Law 

Total.. 

2 
3 
2 

2 

3 
12 

3 

*5 

18 
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CIVIL  ENGINEERING 

General  Statement 

The   four-year   course   leading   to   the   degree   of   Civil    Engineer    is 
designed  to  afford  a  thorough  analytical  training,  as  well  as  numerous 
and  extended  practical  exercises  in  those  matters  which  pertain  to  the 
profession   of   the   civil   engineer   in   relation   to   all   classes   of   struc- 
tures and  public  works  and  in  connection  with  the  various  developments 
and  applications  of  power  by  the  use  of  steam,  electric,  water,  and  air 
motors.    This  course  is  also  designed  to  be  an  educational  preparation 
for  those  duties  or  functions  of  an  executive  character  whose  discharge 
in  connection  with  the  management  of  public  or  other  works  requires, 
or  is  rendered  more  efficient  through,  a  thorough  knowledge  of  civil 
engineering.      The   breadth    and    nature    of    this    educational    training 
adapts  it  no  less  efficiently  to  the  purposes  of  those  who  intend  to  follow 
callings  not  of  an  engineering  character  but  which  may  be  related  more 
or  less  to  manufacturing,  to  structural  matters,  or  to  the  development 
and  application  of  power.     The  theoretical  portion  of  the  instruc  ion 
is  based  largely  upon  the  courses  given  in  the  departments  of  Mathe- 
matics, Mechanics,  and  Physics,  and  the  results  obtained  are  applied 
to  practical  engineering  work.     Special  stress  is  laid  upon  the  design 
by  the  student  of  the  various  structures  and  machines  which  the  civil 
engineer  is  called  upon  to  construct  in  the  practice  of  his  profession. 
The  instruction  is  given  by  lectures,  demonstrations  by  the  student,  and 
frequent   conferences,  co-ordinate   with   which  the  work  of   design   is 
continuously  carried  on.     It  covers   comprehensively   the  subjects   ot 
surveying,  road  and  railroad  engineering,  water  supplies  of  cities  and 
towns,  irrigation,  sanitary  engineering,  including  sewage  disposal,  both 
graphic  and  analytic  treatment  of  all  metallic  structures,  foundations, 
retaining    and    reservoir    walls,    high    masonry    dams,    sewer    systems, 
hydraulic  engineering,  rivers  and  harbors,  pumping  engines,  hydraulic, 
steam  and  electric  motors.  . 

Ample  facilities  are  afforded  for  post-graduate  students  in  civil  engi- 
neering, and  special  students  are  admitted  to  various  engineering 
courses  of  the  department  upon  evidence  of  proper  qualifications. 

Equipment 

The  school  possesses  an  unusually  full  equipment  of  engineers'  and 
solar  transits,  levels,  plane  tables,  compasses,  and  all  accessories  as  well 
as  smaller  instruments.  Current  meters,  book  gauges,  and  floats  ot 
discharge  of,  rivers  and  canals.  A  complete  set  of  sections  of  iron  and 
various  types  are  also  used  in  making  observations  on  the  flow  in,  and 
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steel  shapes,  models  and  photographs  of  engineering  works,  together 
with  working  plans  of  the  latter,  are  in  the  department  for  the  use  of 
students.  The  hydraulic  laboratory  affords  opportunity  for  the  practical 
operations  of  measuring  the  discharge  through  weirs  and  other  orifices, 
the  flow  through  open  channels  and  closed  pipes,  frictional  and  other 
resistances  in  pipes  and  open  channels,  as  well  as  for  meter  gaugings, 
and  for  general  hydraulic  investigations.  The  testing  work  in  the 
mechanical  laboratory  includes  the  complete  tests  of  various  structural 
materials  in  tension,  compression,  bending,  and  torsion,  including  the 
observation  and  digesting  of  all  corresponding  data. 

A  cement-testing  laboratory  is  fully  equipped  with  testing  machines, 
briquette  molds,  tanks,  and  other  apparatus  requisite  for  all  classes  of 
investigations  in  the  nature  and  physical  properties  of  cements  and 
cement  mortars. 

A  complete  laboratory  for  the  testing  of  road  materials  has  been 
established  and  is  constantly  in  use  for  investigations  connected  with 
materials  suitable  for  road  building.  The  facilities  offered  by  the  labora- 
tory are  full  and  sufficient  to  make  all  tests  required  to  determine  resist- 
ance to  abrasion,  classification  of  sand,  gravel  and  broken  stone  and  the 
cementing  power  of  all  qualities  of  road  materials.  The  laboratory  is 
at  the  service  of  students  and  is  used  by  them,  both  for  the  ordinary 
prosecution  of  studies  to  which  the  determination  of  results  is  related 
and  for  the  purposes  of  thesis  work,  and  other  similar  investigations. 

The  Materials  Testing  Laboratory  is  located  at  the  north  end  of 
the  main  floor  of  the  Engineering  Building.  It  is  fully  equipped  with 
modern  appliances  for  the  conduct  of  tests  upon  all  structural  materials. 
There  are  seven  testing  machines  varying  in  capacity  from  600  lbs.  to 
400,000  lbs.,  representing  all  American  types,  including  a  150,000-lb. 
Emery  hydraulic  power  machine,  which  is  a  standard  of  accuracy,  and 
the  refinement  of  mechanical  construction.  These  machines  are  suited 
to  make  tension,  compression,  transverse  and  torsion  tests  upon  metals, 
also  to  make  all  desired  tests  upon  building  materials,  such  as  timber, 
stone,  brick,  concrete  blocks  or  concrete-steel  beams,  columns,  partition 
blocks,  and  all  built  up  materials. 

The  laboratory  is  also  liberally  supplied  with  a  large  assortment 
of  extensometers,  deflectometers,  micrometers,  gauges,  and  similar 
instruments  of  precision  for  measurement  of  test  pieces. 

Other  apparatus  such  as  delicate  scales  of  different  sizes  for  use  in 
absorption  and  freezing  tests  on  building  materials,  also  pyrometers 
and  furnaces  for  the  conduct  of  fire  tests  upon  all  kinds  of  fire-resisting 
materials  are  available.  A  complete  fire-testing  station  is  also  available 
to  the  Department  of  Civil  Engineering.  This  is  under  control 
of  the  officers  of  the  testing  laboratory,  and  is  equipped  with  several 
large  test  buildings  and  all  necessary  apparatus  and  appliances  for 
making  regulation  fire,  load  and  water  tests  upon  walls,  floors,  parti- 
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tions  etc,  in  full  size  units,  as  prescribed  by  the  building  codes  of 
New'  York  and  Philadelphia.  Commercial  work  of  this  character,  as 
well  as  in  the  laboratory,  is  continually  in  progress,  and  is  open  to 
student  observation  at  all  times,  thus  keeping  them  in  touch  with  the 
practical  demands  of  the  hour  in  this  line  of  investigation  work. 

General    Statement    of   the    Summer    Courses   in    Surveying    and 
Geodesy  at  Camp  Columbia,  Morris,  Conn. 

The  instruction  in  Surveying  given  by  the  Department  of  Civil  Engi- 
neering consists  of  lectures,  recitations  and  problem  work,  supplemented 
by  instrumental  practice  in  field  work,  and  office  work  in  computation 
and  mapping.     The  general  lectures  and  recitations  are  given  at  the 
University.    The  field  practice  is  given  during  the  three  summer  vaca- 
tions of  the  regular  four-year  course.    The  subject  of  Geodesy  is  given 
by  the  Department  of  Astronomy,  and  the  practical  work  connected 
therewith  is  done  under  the  supervision  of  that  department  by  students 
in  Civil   Engineering  during  a  portion  of  five  weeks  of  the  summer 
vacation   between  the  third   and   fourth  years.     The  theory  of  Plane 
Surveying,  including  Railroad  Surveying,  is  given  by  the  Department 
of  Civil  Engineering.    The  field  practice  is  conducted  under  the  direction 
of  the  Department  at  Camp  Columbia,  a  point  in  the  country  near  Litch- 
field  Conn.,  where  ample  facilities  are  provided  for  all  requisite  opera- 
tions, and  where  the  topography  and  climate  are  admirably  adapted  to 
the  practical  work  of  surveying.     Five  weeks'  continuous  attendance  is 
required   of   all    students   in    the   Schools   of   Mines,   Engineering   and 
Chemistry  during  the  summer  between  the  first  and  second  years.     (See 
C    E    15,  page   79.)      Five    weeks'   additional    attendance   is   required 
of  all   students  in  Civil   Engineering    (see   C.  E.  25,  page  79),   and 
eight   weeks   of  all    students    in    Metallurgy,    and   eight   weeks   of   all 
students    in    Mining    (see    C.    E.    27    and    28,    page    80)    during    the 
summer  between  the  second  and  third  years.     Nine  weeks    continuous 
attendance  is  required  of  all  students  in  Civil  Engineering  during  the 
summer  between  the  third  and  fourth  years   (see  C.  E.  26,  Astronomy 
107   and  C.   E.  71,  pages  79,   70,  82).     During  the  summer  of   1910 
the  Summer  Courses  in  Surveying  and  Geodesy  will  be  in  session  about 
fifteen  weeks.  . 

No  student  taking  these  courses  will  be  excused  from  any  part  01 
any  course  on  account  of  work  done  elsewhere,  unless  that  work  has 
been  done  under  the  immediate  direction  of  an  instructor  of  an  institu- 
tion which  grants  degrees  in  Mining  or  Civil  Engineering.  In  no  case 
will  credit  be  given  except  upon  the  evidence  of  field-notes,  maps,  and 
reports  presented  to  the  Professor  in  charge  of  the  courses. 

Two  examinations  will  be  held  at  Camp  Columbia  for  new  students, 
special  students  and  students  who  fail  to  receive  a  mark  of  S-0  (this 
is  not  a  passing  mark  in  C.  E.  2,  but  entitles  the  student  to  take  Course 
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C.  E.  15)  or  more  in  C.  E.  2,  and  this  examination  must  be  taken 
by  these  men  before  they  begin  field  work.  The  first  examination 
will  be  held  July  1  for  students  who  desire  to  enter  with  Div.  G,  and 
the  second  one  August  5,  1910,  for  students  who  desire  to  enter 
with  Div.  I. 

The  University  provides  houses  or  tents  having  elevated  floors,  fur- 
nished with  cots  and  drafting  tables.  There  are  also  provided  a  dining 
hall  and  bath  house.  Arrangements  may  be  made  for  laundry  work  to 
be  done  in  the  neighborhood.  A  supply  of  drafting  materials  (not 
instruments)  is  kept  on  sale.  Especial  attention  is  given  to  the  whole- 
some and  substantial  character  of  the  table. 

The  cost  of  board  is  $6.75  per  week  and  is  charged  against  the  indi- 
vidual deposits.  The  account  against  each  student  is  reckoned  from 
the  day  announced  for  his  division  to  assemble.  No  allowances  or 
reductions  are  made  for  absences  of  less  than  one  week,  and  then 
only  in  the  event  of  notice  having  been  given  and  excuse  granted  by 
the  officer  in  charge  at  least  one  day  in  advance  of  the  beginning  of 
such  absence. 

Each  student  intending  to  take  work  in  these  courses  must  register 
with  the  Registrar  of  the  University  not  later  than  May  10.  Subse- 
quent changes  in  plans  must  be  reported  at  once. 

Every  student  must  be  present  on  the  day  appointed  for  his  division 
to  assemble,  unless  other  arrangements  have  been  made  with  the  officer 
in  charge.  Failure  to  comply  with  this  regulation  may  be  sufficient 
cause  to  refuse  the  applicant's  admission  to  the  courses. 

Deposits  for  Camp  Expenses 

Every  student  before  starting  for  Camp,  and  at  the  same  time  the 
fees  for  the  summer  session  in  surveying  are  paid,  shall  make  a  deposit 
at  the  Bursar's  office  at  Columbia  University  to  meet  Camp  expenses, 
viz.,  board,  laundry,  charges  for  drawing  material,  notebooks,  etc.; 
also  to  cover  any  damage  to,  breakage,  or  loss  of  instruments  or  Camp 
equipment,  and  transportation  of  self  and  baggage  from  the  station 
to  and  from  the  Camp.  The  Bursar's  receipt  for  said  deposit  shall  be 
presented  to  the  professor  in  charge  of  the  summer  session  upon  the 
arrival  of  the  student  in  Camp. 

The  amounts  of  the  deposit  varies  with  the  course  or  the  number  of 
courses  taken  and  is  as  specified  below.  Students  intending  to  take 
two  or  more  courses  shall  deposit  an  amount  equal  to  the  sum  total 
of  the  deposits  herein  specified  for  the  respective  courses.  The  balance 
of  the  deposit  which  shall  remain  to  the  credit  of  the  student  after 
his  withdrawal  from  the  session  will  be  returned  to  him  during  the 
following  October  upon  his  application  to  the  Bursar  of  Columbia 
University.  In  case  the  total  charges  exceed  the  deposit  the  student 
will  be  subject  to  an  additional  assessment. 
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The  deposit  for  C.  E.  15  shall  be  $50;  for  C.  E.  25,  $50 ;  for  C.  E.  26, 
$2o;  for  C.  E.  27,  $5<>;  for  C.  E.  fl8,  $35;  for  C.  E.  71.  $35;  and  for 
Geodesy  107,  $30.  u  ,     * 

The  deposit  for  any  one  survey  of  Courses  15,  25,  or  27  shall  be  $15. 

Fees 

For    statement    concerning    tuition    fees    and    laboratory    fees    see 
page  17  of  the  General  Announcement. 

Schedule  of  Attendance 

In  1910  the  School  Session  opens  May  28  and  closes  September  10. 

Div.  A— May  28  to  July  2,  5  weeks— Course  25. 

Open  for  all  2d,  3d,  4th  year  students  in  Civil  Engineering  who 
have  completed  Course  15. 
Div.  B— May  28  to  July  2,  5  weeks— Course  27. 

Open  for  all  2d,  3d,  4th  year  students  in  Mining  Engineering  and 
Met.  Engineering  who  have  completed  Course  15. 
Div.  C— May  28  to  July  2,  5  weeks— Course  15.  «  .      ,       r 

Open  for  all  2d,  3d  and  4th  year   students   in  the  Schools  ot 
Mines,     Engineering,     and     Chemistry     who     have     not     finished 
Course   15. 
Div.  D— May  28  to  July  2,  5  weeks— Course   15. 

Open  for  20  or  25  men  of  all  1st  year  students  as  assigned  on 
basis  of  scholarship. 
Div.  E— July  2  to  August  6,  5  weeks— Course  25. 

Open  for  2d,  3d,  4th  year  students  in  Civil  Engineering  who  re- 
ported with  Div.  C  or  Div.  D  for  Course  15. 
Div   F— July  2  to  August  6,  5  weeks— Course  27. 

Open  for  2d,  3d,  4th  year  students  in  Mining  and  Metallurgy  who 
reported  with  Div.  C  or  Div.  D  for  Course  15. 
Div.  G— July  2  to  August  6,  5  weeks— Course  15. 

Open  for  1st  year  students  as  assigned  from  those  not  assigned 
to  Div.  D  and  of  those  who  do  not  register  for  the  summer  session 
in  New  York.    (Probably  75  men.) 
Div.    H— July   9    to    August    13,    5    weeks— Course    26    C.    E.    and 
Course  107  Astronomy. 
For  3d  and  4th  year  students  in  Civil  Engineering  who  have  fin- 
ished Course  15  and  Course  25. 
Div.  I— August  6  to  September  10,  5  weeks— Course  15. 

For  1st  year  students  as  assigned  from  those  not  assigned  to 
Div.  D  or  Div.  G.  (Special  dates  may  be  arranged  for  those  who 
attend  Summer  Session  at  Columbia  University  in  New  York.) 
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Div.  J— August  13  to  September  10,  4  weeks— Course  71. 

For  3d  and  4th  year  students  in  Civil  Engineering  who  have  fin- 
ished Course  15,  Course  25  and  Course  51-52. 
Div.  K— August  13  to  September  10,  4  weeks— Part  of  Course  25 
or  Course  27. 
For  2d,  3d,  4th  year  students  in  Mining,  Metallurgy  and  Civil 
Engineering  reported  with  Div.  C  and  who  withdrew  with  permis- 
sion on  July  6  to  attend  Summer  Session  at  Columbia  University,  in 
New  York. 
Div.  1^-* August  13  to  September  10,  4  weeks— Part  of  Course  15. 
For  special  students  not  heretofore  registered  at  Columbia  Uni- 
versity but  who  have  been  in  attendance  at  Summer  Session  at 
Columbia. 
*Special  students  wishing  to  enter  this  course  and  who  are  not  in 
attendance  at  Summer  Session  in  New  York  should  report  August  6. 
Div.  M — August  20  to  September  10,  3  weeks — Course  28. 

For  2d,  3d,  4th  year  students  in  Mining  and  Metallurgy  who  have 
finished  Course  15,  Course  27  and   Course  23. 
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COURSE  LEADING  TO  THE  DEGREE  OF 
CIVIL  ENGINEER 

The  courses  of  study  given  in  the  Department  of  Civil  Engineering 
are  so  formulated  as  to  constitute  broad  educational  training  of  a  pro- 
fessional character  for  students  intending  to  follow  the  practice  of 
Civil  Engineering  or  such  other  affiliated  callings  as  may  be  based  more 
or  less  upon  the  various  branches  of  Civil  Engineering  These  courses 
of  study  can  be  taken  more  advantageously  if  the  student  has  had  a 
preliminary  general  training  equivalent  to  that  of  an  ordinary  college 
course  although  that  condition  is  not  a  requisite.  Through  these  courses 
of  study  there  is  set  forth  a  thorough  grounding  in  the  fundamental 
principles  of  engineering  science  as  the  first  essential,  supplemented 
however  by  constant  exercises  in  the  application  of  those  fundamental 
principles  to  all  the  operations  of  the  Civil  Engineer,  involving  struc- 
tures machines  and  processes  connected  with  the  adaptation  and  trans- 
mission of  power  for  industrial  and  other  purposes. 

FIRST   YEAR 
See  page  24 

SECOND   YEAR 


See  Page 


First  Half  Year 


Hours  per  week 


Botany  7 
Civil  Eng.  21 
Drafting  5 
Physics  5 
Mathematics  65 
Mech.  Eng.  13 
Mineralogy  5 
Mining  53 

Phys.  Educ.  B 
Shop  Work  15 


Growth  and  Character  of  Timbers 

Roads,  Streets  and  Pavements 

Graphics 

Electricity 

Differential  and  Integral  Calculus 

Steam  Power  Machinery 

Minerals  of  Building  Stones 

Excavation,    Tunneling,    Boring    and 

Shaft-sinking 
Gymnasium 
Forging  and  Foundry  Practice 

Total. 


Class 

Lab'y 

1 

3 

a 

6 

2 

5 
3 
2 

2 

3 

2 

3 

18 

16 

Second  Half  Year 


76 
86 
87 
93 
96 
120 
no 
119 
1  ao 
133 


Chemistry  82 
Drafting  8 
Elect.  Eng.  2 
Geology  18 
Mech.  Eng.  14 
Mechanics  102 
Metallurgy  134 
Phys.  Educ.  B 
Physics  44 
Shop  Work  16 


Industrial 
Structural  Drafting 
Electrical  Engineering 
General  Geology 
Steam  Power  Machinery 
Analytical  Mechanics 
Iron  and  Steel 
Gymnasium 
Physics  Laboratory 
Machine-work 


Total.. 


-Saturday  P.M.,  1  afternoon  during  April  and  May    eqv 

SUMMER  WORK  :    Practical  Surveying  Civil  Eng.  255    s  wc«» 
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First  Half  Year                                    Hours  per  week 

See  Page 

Class 

Lab'y 

70 
80 
80 
80 
81 

82 
96 
106 

Astronomy  105 
Civil  Eng.  51 
Civil  Eng.  53 
Civil  Eng.  53 
Civil  Eng.  59 

Civil  Eng.  61 
Mech.  Eng.  17 
Mech.  Eng.  77 

Geodesy 

Railroad  Surveying 

Resistance  of  Materials 

Resistance  of  Materials  (Testing  Lab.) 

Sanitary    Treatment,    Water    Supply 

and  Sewage 
Theory  of  Trusses 
Technical  Thermodynamics 
Mechanical  Laboratory 

Total.. 

3 
a 
5 

2 
a 

a 
1 

3 
3 
3 

3 
3 

17 

15 

Second  Half  Year 

70 
80 
80 
81 
82 
88 
88 
96 
106 

Astronomy  106 
Civil  Eng.  53 
Civil  Eng.  54 
Civil  Eng.  58 
Civil  Eng.  6a 
Elect.  Eng.  7a 
Elect.  Eng.  4 
Mech.  Eng.  18 
Mech.  Eng.  78 

Geodesy 

Railroad  Surveying 

Resistance  of  Materials  (Problems) 

Masonry  Structures 

Graphic  Statics 

Direct  Current  Laboratory 

Electric  Distribution 

Technical  Thermodynamics 

Kinematics 

Total.. 

3 

3 
a 

2 

a 
3 

3 
3 

3 
3 
3 
3 

16 

18 

SUMMER  WORK  :   \  Hydrographic  Surveying-Civil  Eng.  26S     1             k9 
(Geodetic                     "          —Astronomy  107S  j  5 
Railroad  surveying  practice— Civil  Eng.  71 S— 4  weeks. 

FOURTH    YEAR 


First  Half  Year 

82 

Civil  Eng.  75 

Hydraulics 

4 

83 

Civil  Eng.  85 

Foundations 

a 

3 

83 

Civil  Eng.  87 

Bridges,  Roofs  and  Buildings 

a 

3 

83 

Civil  Eng.  89 

Railroad  Engineering 

3 

3 

84 

Civil  Eng.  95 

Contracts  and  Specifications 

a 

85 

Civil  Eng.  99 

Thesis 

3 

100 

Mech,  Eng.  41 
Mech.  Eng.  63 

Machine  Design 

1 

3 

104 

Hydraulics  Laboratory 

Total.. 

3 

M 

18 

Second  Half  Year 

83 

Civil  Eng.  88 

Bridges,  Roofs  and  Buildings 

3 

83 

Civil  Eng.  90 

Railroad  Engineering 

3 

3 

84 

Civil  Eng.  94 

j  Design  and  Construction  of  Sewers  ) 
1  River  and  Harbor  Improvement       f 

85 

Civil  Eng.  98 

Water  Supply  and  Irrigation  Eng. 

a 

85 

Civil  Eng.  xoo 

Thesis 

3. 

6 

89 

Elect.  Eng.  76 

Alternating  Current  Laboratory 

3 

91 

Elect.  Eng.  112 

Electric  Railway 

2 

IOI 

Mech.  Eng.  46 

Hydraulic  Power  Machinery 

Total.. 

3 

18 

15 

50 
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COURSE  IN  SANITARY  ENGINEERING 

The  course  in  Sanitary  Engineering  is  a  differentiation  from  the 
regular  course  in  Civil  Engineering  and  naturally  leads,  therefore,  to 
the  same  degree.  The  first  year  is  identical  with  the  first  year  of  other 
engineering  courses,  while  the  second  year  is  almost  identical  with  the 
regular  second-year  work  of  the  course  in  Civil  Engineering.  The  special 
extensions  in  sanitary  work  are  developed  in  the  third  and  fourth 
years.  It  will  be  found  that  these  sanitary  subjects  are  set  forth  so 
as  to  cover  in  a  thorough  and  comprehensive  way  those  special  fields 
occupied  by  the  sanitary  engineer  of  the  present  day.  They  include 
the  sanitary  treatment  of  water  supplies  and  sewage  with  special  work 
extended  both  by  lectures  and  laboratory  work  into  biology  and  bac- 
teriology, standard  laboratory  methods  in  the  sanitary  administration 
of  public  water  supplies,  drainage,  heating  and  ventilation  and  the 
general  principles  of  sanitary  science,  public  health  and  hygiene.  These 
sanitary  specialties  are  of  advanced  character,  covering  the  latest  in- 
vestigations in  such  special  work  as  daily  bacterial  tests  of  potable 
water  for  public  purposes,  the  extermination  of  mosquitoes  and  other 
disease-carrying  insects,  the  improvement  of  public  health  conditions 
found  in  cities  and  towns,  the  drainage  and  sanitary  treatment  of  lands 
and  the  sanitary  administration  of  buildings  and  industrial  establish- 
ments liable  to  create  nuisances.  A  graduate,  therefore,  of  this  course 
is  qualified  to  enter  the  advanced  practice  of  sanitary  engineering 
in  all  its  special  fields. 

FIRST  YEAR. 
See  page  24. 

SECOND  YEAR 


First  Half  Year                                    Hours  per  week 

Seepage 

Name  of  Course 

Description  of  Course 

Lect. 

La     b 

70 
79 
73 
86 

120 

113 

IIQ 

Botany  7 
Civil  Eng.  21 
Chemistry  65 
Drafting  5 
Phyeics  5 
Math.  65 
Mech.  Eng.  13 
Mineralogy  5 
Phys.  Educ.  B 

Growth  and  Character  of  Timbers 

Roads,  Streets,  and  Pavements 

Quantitative  Analysis 

Graphics 

Electricity 

Differential  and  Integral  Calculus 

Steam  Power  Machinery 

Minerals  of  Building  Stones 

Gymnasium 

Total.. 

1 
2 
2 

2 
5 
3 

2 

3 

i 

6 

% 
2 

17 

19 

Second  Half  Year 

76 

86 
87 
93 
120 
96 
no 
120 
128 
77 
"9 

Chemistry  82 
Drafting  8 
Elect.  Eng.  2 
Geology  18 
Mechanics  102 
Mech.  Eng.  14 
Metallurgy  134 
Physics  44 
Shop  Work  16 
Chemistry  92a 
Phys.  Educ.  B 

Industrial  Chemistry 
Structural  Drafting 
Electrical  Engineering 
General  Geology 
Analytical  Mechanics 
Steam  Power  Machinery 
Iron  and  Steel 
Physics  Laboratory 
Bench  and  Machine 
Microscopy 
Gymnasium 

Total.. 

3 

8 
3 
5 
3 
2 

6 

3* 

6 
3 

2* 

3 

18 

19 

*  February  and  March— Microscopy  ;  April  and  May— Geology. 
Summer  Work  :    Practical  Surveying  C.E.  25—5  weeks. 
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THIRD  YEAR 


First  Half  Year 


Hours  per  week 


See  Page 


Name  of  Course 


Astronomy  105 
Zoology  7 
Bacteriology  101 
Civil  Eng.  5*1 
Civil  Eng.  53 
Civil  Eng.  53 
Civil  Eng.  59 

Civil  Eng.  61 
Chemistry  41 


Description  of  Course 


Geodesy 

Sanitary  Biology  { 

Sanitary  Bacteriology  ) 
Railroad  Surveying 
Resistance  of  Materials 
Resistance  of  Materials  Testing 
Sanitary  Treatment  of  Water  Sup- 
plies and  of  Sewage 
Theory  of  Trusses 
Organic  Chemistry 

Total.. 


Second  Half  Year 


Lect.    Lab'y 


io6 


Astronomy  106 
Civil  Eng.  52 
Civil  Eng.  54 
Civil  Eng.  58 
Civil  Eng.  62 
Chemistry  42 
Elect.  Eng.  72 
Elect.  Eng.  4 
Mech.  Eng.  78 


Geodesy 

Railroad  Surveying 
Resistance  of  Materials 
Masonry  .Structures 
Graphic  Statics 
Organic  Chemistry 
Direct  Current  Laboratory 
Electric  Distribution 
Kinematics 


Total. 


16 


Summer  Work  :     i  Hydrographic  Surveying-C.  E.  26S  I  k 

/  Geodetic  Surveying— Astronomy  107  f  s  weeii:>- 
Railroad  Surveying  Practice,  C.  E.  71S— 4  weeks. 


FOURTH  YEAR 


First  Half  Year 

82 

Civil  Eng.  75 

Hydraulics 

4 

83 

Civil  Eng.  85 

Foundations 

2 

3 
3 

83 

Civil  Eng.  87 

Bridges,  Roofs  and  Buildings 

2 

83 

Civil  Eng.  89 

Railroad  Engineering 

3 

84 

Civil  Eng.  95 

Contracts  and  Specifications 

2 

81 

Civil  Eng.  55 

Physical   and  Biological   Water 
Analysis 

6 

81 

Civil  Eng.  57a 

Statistics  and    Interpretation    of) 
Water  Analyses                             \ 

2 

81 

Civil  Eng.  57b 

Drainage  of  Marshes  and                  j 
Lowlands                                        J 

96 

Mech.  Eng.  17 

Technical  Thermodynamics 

TOO. 

Mech.  Eng.  63 

Hydraulics  Laboratory 

Total.. 

3 

17 

18 

Second  Half  Year 

83 

Civil  Eng.  90 

Railroad  Engineering 

3 

3 

84 

Civil  Eng.  94 

Sewers,  and  River  and  Harbor  Imp. 

2 

85 

Civil  Eng.  98 

Water  Supply  and  Irrigation  Eng. 

2 

84 

Civil  Eng.  96 

Principles  of  Sanitary  Science,  Pub- 
lic Health  and  Hvgiene 

3 

85 

Civil  Eng.  100 

Thesis 

9 
3 

3 

89 

Elect.  Eng.  76 

Alternating  Current  Laboratory 

1 

106 

Mech.  Eng.  76 

Mechanical  Laboratory 

106 

Mech.  Eng.  82 

Heating  and  Ventilation 

Total.. 

3 

15 

18 
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ELECTRICAL    ENGINEERING 
General  Statement 

The  prescribed  course  leading  to  the  degree  of  Electrical  Engineer 
(E.E.)  requires  four  years  for  its  completion,  and  is  designed  for  the 
education  of  those  who  intend  to  practice  the  profession  of  Electrical 
Engineering,  either  as  engineers,  managers,  experts  in  industrial  enter- 
prises or  as  teachers  in  colleges  or  technical  schools. 

The  instruction  comprises  the  important  branches  of  theoretical  and 
applied  electricity,  also  the  fundamental  and  collateral  subjects,  which 
have  been  found  by  experience  to  be  required  by  the  electrical  engineer, 
as,  for  example,  mathematics,  physics,  chemistry,  drawing,  mechanical 
engineering,  including  boilers,  gas  producers,  engines,  turbines,  hydrau- 
lic developments,  transmission  devices  and  shop  work,  also  such  gen- 
eral engineering  subjects  as  construction  in  wood,  masonry,  iron  and 
steel. 

The  graduate  in  Electrical  Engineering  is  accordingly  provided  not 
only  with  a  thorough  knowledge  of  the  principles  and  applications  of 
electricity,  but  also  with  such  a  broad  and  liberal  education  in  the 
allied  sciences  as  will  prepare  him  for  the  demands  likely  to  be  made 
upon  him  in  connection  with  the  practice  of  his  profession. 

The  instruction  is  by  lectures  and  recitations  as  well  as  by  laboratory, 
work-shop  and  drawing-room  practice,  with  periodic  visits  to  the 
numerous  and  important  electrical  factories,  power  stations  and  other 
establishments  in  and  about  New  York  City. 


Equipment 

The  offices,  laboratories,  museums  and  lecture  rooms  of  the  Electrical 
Engineering  Department  are  in  the  southern  portion  of  the  Engineering 
Building.  The  laboratories  located  in  the  basement  contain  direct  and 
alternating  current  machinery  and  apparatus.  The  smaller  machines 
are  mounted  upon  heavy  tables,  thus  raising  them  to  a  convenient 
height  and  affording  space  for  instruments  and  note-books.  To  further 
simplify  the  work,  the  machines  have  been  assembled  into  unit  sets,  a 
motor  being  provided  for  each  generator,  so  that  the  experimental  work 
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of   one   squad    of   students    is   entirely   independent   of   that   of   other 
squads. 

The  direct  current  laboratory  contains  constant  potential  and  con- 
stant current  generators,  motor-dynamos,  as  well  as  various  types  of 
stationary  and  railway  motors,  aggregating  forty  machines  ranging  in 
capacity  from  i  to  35  kilowatts  and  of  standard  voltages  from  115  to 
550.  Two  10  and  two  5  k.w.  generator  sets  with  complete  switchboards, 
carrying  many  measuring  instruments  enable  various  experiments  to  be 
performed  by  the  students  on  the  parallel  operation  of  generators 
Ihe  constant  current  equipment  includes  a  dynamo,  standard  switch- 
board and  series  lamp  circuits.  A  working  standardization  equipment 
for  the  calibration  of  all  measuring  instruments  is  installed  in  this 
laboratory,  and  prior  to  any  tests  the  students  are  required  to  check  their 
various  instruments.  About  seventy  electrical  measuring  instruments 
are  employed  in  this  laboratory,  comprising  ammeters  and  voltmeters 
with  various  scale  ranges,  also  speed  indicators,  transmission  and 
absorption  dynamometers.  This  laboratory  is  provided  with  a  set  of 
machine  and  hand  tools  employed  in  the  repair  of  the  various  pieces 
of  apparatus. 

The  alternating  current  apparatus,  located  in  the  adjoining  room, 
comprises  one  single-phase  alternator  of  10  k.w.  capacity  and  two 
three-phase  alternators  of  10  and  45  k.w.  capacity,  respectively;  two 
10  kilowatt  synchronous  motors  and  rotary  converts  operative  on  single- 
phase  or  two-phase  circuits;  two  single-phase  and  four  polyphase  induc- 
tion motors  varying  in  capacity  from  1  to  10  horse-power ;  constant  poten- 
tial transformers  of  various  capacities ;  phase  transformers  for  converting 
two-phase  to  three-phase  currents  and  vice  versa;  a  constant  current 
transformer  equipment  of  5  kilowatts  capacity  with  its  control  board, 
circuits  and  lamps ;  an  induction  regulator  of  5  kilowatts  and  a  mercury 
arc  rectifier  of  the  same  capacity.  Each  of  the  various  alternators  is 
provided  with  its  own  driving  motor,  so  that  the  speed  voltage  and  fre- 
quency may  be  altered  as  desired.  This  laboratory  equipment  includes  a 
complete  switchboard  for  the  operation,  control,  and  testing  of  the 
rotary  converters  used  as  such  or  as  alternators;  also  a  special  polyphase 
circuit  measuring  board  and  about  forty  instruments  for  the  measure- 
ment of  alternating  voltage,  current  and  power.  The  alternating  cur- 
rent ammeters  and  voltmeters  are  of  various  capacities,  ranging*  from 
fractional  values  up  to  2,000  amperes  and  600  volts  respectively,  also 
wattmeters  up  to  1,200  kilowatts  range.  The  instrument  equipment 
further  includes  several  frequency  indicators,  synchronizers  and  power 
factor  meters  as  well  as  a  complete  oscillograph  and  an  ondograph  for 
the  determination  of  wave   forms,  phase  relations,  etc. 

The  lecture  rooms  of  the  department,  capable  of  seating  about  250 
students  in  all,  and  the  museum  are  located  on  the  first  floor  of  the 
building.     The  lecture  rooms  are  provided  with  direct-current,  single- 
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phase  and  polyphase  electrical  circuits  and  projection  lanterns  so  that 
the  lectures  may  be  accompanied  by  experimental  demonstrations  and 
illustrations.  The  museum  contains  many  pieces  of  apparatus  and  parts 
of  machines  used  in  connection  with  the  lectures,  such  as  specimens  of 
pole  line  insulators,  conduit  material,  rail  sections,  rail  bonds,  insulated 
cables  and  materials  employed  in  transmission  line  and  electric  railway 
construction.  Also  various  pieces  of  apparatus  employed  in  telegraphy 
and  telephony;  forms  of  storage  battery  plates,  samples  of  products 
obtained  by  electro-chemical  actions,  elementary  electrical  apparatus, 
etc. ;  pieces  of  electrical  machinery,  such  as  armature  laminations,  field 
and' armature  coils,  commutator  sections,  brush  holders,  brushes,  in- 
sulating materials;  small  models  of  various  types  of  generators  and 
motors;  numerous  forms  of  incandescent  and  arc  lamps,  lamp  mech- 
anisms, carbons  and  electrodes;  lighting  arresters,  line  protecting 
devices  and  measuring  instruments. 

On  the  third  floor  of  the  building  are  located  the  large  instrument 
laboratory,    the    departmental    drawing-room    and    the    studies    of    the 
officers.    The  laboratory  contains  tables  upon  which  the  various  instru- 
ments are  permanently   set   up,   ready   for   use.     These   include   many 
different   forms   of   galvanometers,   three   ampere    balances    with   scale 
ranges   from   .01   to  600   amperes,    two   dynamometers   with   ranges  of 
1    to    -00   amperes    respectively,    a    Standard   Weston  laboratory   volt- 
meter having  a  range  from  .01  to  750  volts  and  a  Standard  Weston 
laboratory    millivoltmetcr    with    a    set    of    shunts    reading    up    to    500 
amperes    Westinghouse   precision   watt   and  voltmeters   and  two   very 
accurate  potentiometers.     The  equipment  further  comprises  apparatus 
for    the'  exact    measurement    of    resistance,    inductance,    permeability, 
hysteresis,   and   magnetic   leakage.     This   laboratory    is   supplied   with 
electrical  energy  from  special  sources,  so  that  fluctuations  do  not  cause 
uncertainty  in  the  various  measurements.    For  the  direct  current  work 
special  storage  batteries  supply  potentials  up  to  250  volts  and  others  have 
current  canacity  of  1,000  ampere-hours.   For  tests  requiring  small  values 
of  alternating  currents  a  special  alternator  is  operated.    This  laboratory 
also  contains  high  tension  testing  apparatus,  consisting  of  two  50,000 
volt  transformers  of  5  and  10  kilowatts  capacity  respectively,  two  10,000 
volt  transformers  of  5  and  10  kilowatts  respectively,  and  one  5,000  volt 
transformer  of   5  kilowatt  output.     These   transformers   are  supplied 
with  necessary  protective  and  measuring  devices  and  all  are  designed 
for  operation  on  60  cycle  circuits.     This  instrument  laboratory  is  also 
equinped   with   several    forms    of   standard   integrating   and    recording 
watt-hour  meters  employed  in  connection  with  the  standardization  of 
consumers'  electric  meters  for  the  Department  of  Water  Supply,  Gas, 
and  Electricity  of  the   City  of  New  York. 

The  photometric  testing  laboratory  of  this  Department  is  situated 
in  the  basement  of  Havemeyer  Hall  and  is  equipped  with  a  Lummer- 
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Brodhun  screen  photometer  for  incandescent  lamp  testing,  a  Bunsen 
screen  photometer  with  a  meter  prover  for  gas  light  testing  and  a 
Weber  photometer,  which  is  adaptable  for  arc  lamp  testing  or  for  the 
determination  of  general  illumination. 
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COURSE  LEADING  TO  THE  DEGREE  OF 
ELECTRICAL  ENGINEER 

The  objects  for  which  the  regular  four  years'  course  in  Electrical 
Engineering  is  designed  and  the  education  which  it  is  intended  to  give 
are  fully  set  forth  in  the  "General  Statement"  of  the  Electrical  Engi- 
neering Department,  found  on  page  52. 

The  actual  curriculum,  including  the  various  requirements  which  must 
be  fulfilled  in  order  to  obtain  the  E.  E.  degree,  are  named  in  the  follow- 
ing list  of  studies  for  each  year,  the  character  of  each  subject  or  require- 
ment being  explained  more  fully  in  the  Departmental  Statement  referred 
to  The  first  two  years  of  the  course  are  devoted  to  the  fundamental 
subjects,  including  mathematics,  physics,  chemistry,  mechanics  drawing 
and  certain  electrical  and  mechanical  engineering  subjects  which  are 
elementary  or  introductory  in  character.  # 

These  fundamental  and  introductory  subjects  are  intended  to  lay  a 
broad  and  substantial  foundation  upon  which  the  more  specialized  pro- 
fessional instruction  of  the  third  and  fourth  years  is  based.  Even  in 
these  later  years  theoretical  subjects,  such  as  thermodynamics  and 
electro-mechanics,  are  included  and  given  most  careful  attention. 


Pag- 


120 
123 


ng 
123 


Chemistry  65 
Chemistry  81 
Physics  5 
Mathematics  65 
Mech.  Eng.  13 
Phys.  Educ.  B 
Physics  43 
Phvsics  105 
Shop  Work  13 


Chemistry  38 
Chemistry  82 
Drafting  6 
Drafting  8 
Elect.  Eng.  2 
Mech.  Eng.  14 
Mechanics  102 
Metallurgy  134 
Phys.  Educ.  B 
Shop  Work  14 


FIRST  YEAR 
See  page  24 

SECOND  YEAR 


First  Half  Year 


Hours  per  week 


Quantitative  Analysis 
Industrial  Chemistry 
Electricity  ,  _,  ,      , 

Differential  and  Integral  Calculus 
Steam  Power  Machinery 
Gymnasium 
Physical  Laboratory 
Physical  Measurements 
Machine  Work 


Total . . 


Class 


Second  Half  Year 


Physical  Chemistry 
Industrial  Chemistry 
Graphics  „ 

Structural  and  Machine  Drawing 
Elements  of  the  Dynamo 
Steam  Power  Machinery 
Analytical  Mechanics 
Metallurgy  of  Iron  and  Steel 
Gymnasium 
Machine  Work 


Total 


Summer  memoir. 


Lab'y 
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First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

3 

80 

Civil  Eng.  53 

Resistance  of  Materials 

5 

80 

Civil  Eng.  53 

Resistance  of  Materials  (Testing  Lab.) 

3 

77 

Civil  Eng.  77 

Hydraulics 

2 

89 

Elect.  Eng.  101 

Dynamo  and  Motor  Practice 

2 

9i 

Elect.  Eng.  173 

Direct  Current  Laboratory 

6 

96 

Mech.  Eng.  17 

Technical  Thermodynamics 

2 

100 

Mech.  Eng.  41 

Machine  Design 

I 

3 

191 

Mechanics  105 

Thermodynamics 

2 

121 

Mechanics  107 

Theory  of  Dynamo  and  Motor 

Total.. 

2 

16 

15 

Second  Half  Year 

86 

Economics  2 

Economics 

3 

88 

Elect.  Eng.  52 

Design  of  Direct  Current  Machinery 

2 

3 

90 

Elect.  Eng.  104 

Electrical  Distribution 

3 

91 

Elect.  Eng.  174 

Direct  Current  Laboratory 

3 

96 

Mech.  Eng.  18 

Technical  Thermodvnamics 

2 

96 

Mech.  Eng.  36 

Kinematics  of  Machinery 

6 

100 

Mech.  Eng.  76 

Experimental  Mech.  Eng. 

1 

3 

121 

Mechanics  108 

Theory  of  Dynamo  and  Motor 

Total.. 

3 

14 

IS 

Summer  memoir. 

FOURTH  YEAR 


First  Half  Year 

78 
89 
90 
91 
92 

IOI 

106 

121 

Chemistry  183 
Elect.  Eng.  103 
Elect.  Eng.  105 
Elect.  Eng.  175 
Elect.  Eng.  177 
Mech.  Eng.  53 
Mech.  Eng.  77 
Mechanics  109 

Electrochemistry 

Electric  Power 

Electrical  Plants 

Alternating  Current  Lab. 

Instrument  Laboratory 

Steam  Turbines 

Experimental  Mechanical  Laboratory 

Theory  of  Alternators  &  Transformers 

Total. 

2 
3 

3 

2 

I 

4 

3 

6 
6 

3 

17 

18 

Second  Half  Year 

88 
89 
9c 
90 
91 
9i 
102 
103 
106 

121 

Elect.  Eng. 
Elect.  Eng.  54 
Elect.  Eng.  98 
Elect.  Eng.  106 
Elect.  Eng.  no 
Elect.  Eng.  112 
Elect.  Eng.  176 
Mech.  Eng.  56 
Mech.  Eng.  60 
Mech.  Eng.  72 
Mechanics  no 

Preparation  of  Reports 

Design  of  Alt.  Current  Machinery 

Graduation  Thesis  (Optional) 

Management  of  Electric  Plants 

Telegraph  and  Telephone 

Electric  Railways 

Alternating  Current  Laboratory 

Water  Power  Installations 

Hydraulic  Laboratory 

Gas  Power  Machinery 

Theory  of  Variable  Currents 

Total.. 

2 

2 
2 
2 
1 
1 

2 

2 

3 
3 

8 

3 
3 

M 
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MECHANICAL    ENGINEERING 

General  Statement 

The  regular  four-year  course,  leading  to  the  degree  of  Mechanical 
Engineer,  offers  a  thorough  basic  training  in  the  design,  construction, 
manufacture  and  operation  of  all  classes  of  standard  and  special  ma- 
chinery, mills,  shops,  factories  and  power  plants,  as  well  as  in  the 
technical  and  executive  management  of  the  dependent  industries.  To 
this  end  the  course  of  instruction  is  as  broad  as  is  consistent  with 
the  directness  of  its  purpose.  The  Mechanical  Engineer  must  not  only 
be  grounded  in  the  fundamental  scientific  basis  of  his  profession,  and 
so  trained  as  to  be  capable  of  applying  this  to  both  the  technical  and 
commercial  aspects  of  industrial  problems,  but  his  immediate  useful- 
ness upon  graduation  demands  that  a  considerable  portion  of  the  in- 
struction be  concerned  with  the  practical  application  of  the  principles 
taught. 

The  course  begins  with  a  thorough  training  in  mathematics,  physics 
and  chemistry  as  a  foundation  for  the  appropriate  technical  work, 
which  is  developed  along  several  parallel  lines.  Applications  of  these 
fundamental  sciences  to  the  physical  properties  of  the  materials  of  con- 
struction, especially  the  metals  and  their  practical  manipulation,  lead 
through  the  courses  in  metallurgy,  mechanics,  resistance  of  materials, 
shop  processes,  the  materials  testing  laboratory,  drafting  and  kinematics 
to  the  principles  of  design,  which  are  fixed  by  application  to  the  design 
of  special  machinery  for  the  execution  of  any  specified  manufacturing 
process  and  to  certain  standard  machinery,  such  as  steam  and  gas 
engines  and  turbine  water  wheels.  The  principles  underlying  the  per- 
formance of  machinery  are  developed  by  courses  in  thermodynamics, 
mechanics  and  hydraulics  and  the  experimental  laboratory  and  are  fixed 
by  analysis  of  machinery  for  steam  and  gas  power,  pumping,  compress- 
ing, refrigerating,  mechanical  handling  of  materials  and  their  most 
important  applications.  The  instruction  in  the  performance,  design  and 
manufacture  of  machines  and  power  units  in  the  class-room  and  labora- 
tory, supplemented  by  frequent  visits  to  power  plants  and  factories,  is 
the  basis  of  the  work  on  the  design  of  plants  and  mills. 

Throughout  the  instruction  the  student  is  thrown  as  much  as  pos- 
sible on  his  own  resources,  encouraged  to  use  such  knowledge  as  he 
possesses,  to  read  standard  authorities  and  to  make  comparisons  between 
the  existing  data  on  various  subjects  and  with  the  results  of  theoretical 
computations.  In  the  experimental  work  special  stress  is  laid  upon  this 
as  a  means  for  the  development  of  that  initiative,  executive  ability  and 
spirit  of  investigation  so  necessary  for  the  successful  practice  of  the 
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profession,  which  is  one  long  series  of  new  problems  demanding  solu- 
tion. The  commercial  and  industrial  phases  of  the  technical  subjects 
are  dwelt  upon  throughout  the  entire  course  of  instruction,  and  par- 
ticular attention  is  given  to  labor  and  cost  systems,  works  manage- 
ment, economy  of  manufacture  and  of  power  generation,  economics  and 
industrial  law. 

To  insure  a  close  contact  between  the  work  of  the  department  and 
the  practice  of  the  profession,  recognized  experts  are  invited  to  con- 
duct courses  on  their  particular  subjects,  the  regular  officers  of  the 
department  attending  and  subsequently  holding  recitations  and  exam- 
inations. 
For  a  list  of  special  lecturers  and  their  subjects  see  page  8. 
In  addition  to  these  regular  lecturers,  a  list  of  non-resident  lecturers, 
who  deliver  one  or  more  lectures  to  the  students  on  the  work  in  their 
respective  engineering  fields  will  be  found  on  pages  8,  9  and  10. 

The  overlapping  of  the  Mechanical  Engineering  and  Electrical  Engi- 
neering professions  makes  it  desirable  that  the  Mechanical  Engineer 
shall  be  thoroughly  conversant  with  the  ordinary  problems  of  the  Elec- 
trical Engineer  in  the  generation  and  distribution  of  electric  current,  the 
characteristics  of  electrical  machinery,  and  the  design  and  installation  of 
electrical  plants.  To  this  end  students  in  this  course  receive  instruction 
in  the  department  of  Electrical  Engineering  covering  these  subjects. 

Graduate  work  in  Mechanical  Engineering  is  offered  to  students  who 
have  successfully  completed  the  undergraduate  course.  This  graduate 
work  includes  the  more  difficult  applications  of  mechanics  and  ther- 
modynamics to  questions  of  engineering,  as  well  as  special  investigations 
in  design,  experimental  research,  and  the  development  of  new  processes 
of  manufacture.  Special  students  are  admitted  to  any  of  the  courses 
upon  evidence  of  proper  qualifications.  Courses  are  also  offered  to 
students  in  other  departments  covering  such  instruction  in  Mechanical 
Engineering  as  may  properly  assist  in  the  practice  of  their  respective 
professions. 

Equipment 

Besides  the  usual  offices,  lecture  rooms,  drawing  rooms  and  museum, 
the  department  is  unusually  well  equipped  with  experimental  laboratory 
facilities.  These  laboratories  cover  a  floor  space  of  some  18,500  sq.  ft. 
and  contain  apparatus  valued  roughly  at  $75,000.  A  fairly  full  line 
of  instruments  for  making  simple  measurements  is  always  available  for 
regular  student  work,  and  includes  thermometers,  pyrometers,  barom- 
eters, simple  and  differential  manometers,  draft  gauges,  speed  counters, 
tachometers,  angular  velocity  meters,  planimeters,  Pitot  tubes,  water  met- 
ers of  piston,  rotary  and  Venturi  type,  hook  gauges,  steam  and  gas  meters, 
steam,  gas,  coal  and  oil  calorimeters,  flue  gas  analysis  apparatus,  scales 
for  weighing  and  measuring,  transmission  dynamometers,  Prony  brakes, 
indicators   of   all    types,    pressure   and   vacuum   gauges,    anemometers, 
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mercury  columns,  and  calibrating  apparatus  for  all  instruments.     Be- 
sides these  measuring  devices  there  is  a  large  number  of  pieces  of  special 
apparatus    for    various    purposes,    such    as   the   testing   of   carburetors, 
pressures  due  to  explosion  of  gas  mixtures,  rate  of  flame  propagation  in 
explosive  mixtures,  pressure  and  temperatures  of  vaporization  of  liquid 
fuels,    loss    of    head    in    steam,    air    and    water    pipes,    condensation 
of  steam    in    pipes,  flow    of    steam    or    water     through    orifices    and 
turbine  nozzle,  capacity  of  steam  traps,  flash,  chill,  density,  viscosity 
and  carbonization  of  oils,  friction  of  bearings,  losses  in  power  trans- 
mission.    These  various  instruments  and  pieces  of  special  apparatus  arc 
grouped  and  used  in   connection  with  a    considerable  number  of  ma- 
chines of  standard    form.     These   include   a   standard   gauge  Vauclain 
compound    locomotive,    mounted    on    friction    wheels    equipped    with 
dynamometers.     This  locomotive  is  so  erected  that  it  can  be  operated  with 
its  own  steam,  line  steam  or  compressed  air,  the  exhaust  passing  through 
an  induced  draft  fan  separately  driven  by  a  small  steam  engine.   A  Reyn- 
olds   Allis-Corliss    triple    expansion    engine,    double    eccentric    type,    is 
equipped  to  operate  condensing  and  non-condensing,  and  is  fitted  with 
reheating  receivers  and  may  be  operated  with  line  steam  or  high  pres- 
sure steam  from  the  locomotive  boiler.    This  Corliss  engine  has  a  tan- 
dem connection  to  three  air  cylinders,  equipped  with  Gutermuth  flap 
valves,  operating  three-stage  with  water  intcrcoolers.    A  cross  compound 
steam,  two-stage  air  compressor  of  the  Ingersoll-Sargent  type  operates 
in  parallel  with  the  other  air  compressor  and  with  a  Wcstinghouse  simple 
air  pump   with   complete  air   brake    equipment.     There   is   also  a  belt 
and  a  steam   driven   fan  for  fan  investigations,  together  with  belt  and 
steam    driven    centrifugal    pumps    for    corresponding    investigation    on 
centrifugal    action    of    water.      Besides    the    steam    engines    mentioned 
there  are  also  a  Westinghouse  two-cylinder,   single-acting;    Mcintosh 
and    Seymour    automatic;    Sweet    straight-line    simple   engine,    besides 
some   smaller  reciprocating  units,  and   a  De  Laval   steam  turbine,  all 
piped   to  condensers   for   efficiency   tests   on   wet,   dry  or  superheated 
by  a  Foster  superheater  separately  fired.    The  steam  used  by  the  engines 
and    pumps    is    measured    by    any    one    of    three    surface    condensers, 
Wheeler,   Worthington,   Allis,   each   with   its   own  air  and   circulating 
pumps.       The     steam     equipment     includes     also     typical     injectors, 
steam     traps,     feed     water     heaters,     separators,     reducing     valves, 
safety     valves,     back     pressure     valves     and     other     ordinary     steam 
auxiliaries  and  specialties.     The  hydraulic  work  is  well  provided  for 
by  two  large  20,000-lb.   measuring  tanks,   fitted   with   swinging  guide- 
bucket  for  continuous  flow  measurements,  receiving  the  discharge  from 
all  the  hydraulic  apparatus;  water  channels  of  rectangular,  trapezoidal 
and  triangular  cross  section,  rectangular  and  trapezoidal  weirs,  fitted  to 
several  weir   tanks,    of   iron   and   wood,    three    impulse  water    wheels, 
one  small   turbine,  hydraulic    rams,   simple,    single  and   duplex    steam 
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pumps,  direct  acting  and  flywheel,  compound  Blake  pump,  single  act- 
ing, direct  acting  triple  expansion  duplex,  low  pressure  Worthington 
pump  of  large  capacity  and  low  head,  separately  steam  driven  centri- 
fugal Lawrence  pump,  belt  driven  centrifugal  pump,  a  high  pressure 
pump  and  accumulator  of  the  Worthington  type  for  1500  lbs.,  and  a 
second  for  5000  lbs.  pressure.  Two  hot  air  engines,  and  several  in- 
ternal combustion  engines,  including  the  Nash,  fitted  to  operate  on 
various  fuels,  a  Hornsby-Akroyd  and  a  Mietz  and  Weiss  oil  engine,  an 
old  and  a  new  style  Otto,  an  International  Harvester,  a  Daimler  boat 
engine  are  equipped  for  gas  engine  test  and  investigation  work  of  great 
variety.  From  time  to  time  other  machines  are  secured  for  short 
periods  of  time  for  testing  purposes.  For  the  study  of  refrigeration 
there  is  installed  a  small  Brunswick  ammonia  compression  ice-making 
and  refrigerating  unit,  motor  driven,  and  a  larger  De  La  Vergne  steam- 
driven,  ice-making  plant. 
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COURSE  LEADING  TO   THE  DEGREE  OF 
MECHANICAL    ENGINEER 

All  the  subjects  leading  to  the  degree  of  Mechanical  Engineer  are 
listed  in  the  following  table,  together  with  the  year  and  term  in  which 
they  are  given.  The  first  two  years  are  devoted  to  essential  preparatory 
and  fundamental  subjects,  mathematics,  chemistry,  physics,  analytical 
mechanics  and  drawing,  which  are  co-ordinatcdwith  kinematics,  elemen- 
tary design,  shop  work  and  the  elements  of  electrical  and  steam  engi- 
neering. In  the  third  year  there  are  developed  the  basic  principles  of 
thermodynamics,  resistance  of  materials  and  hydraulics,  which  are 
fixed  in  the  mind  of  the  student  by  drill  in  the  drafting  room  by  design 
courses,  in  the  laboratory  by  experiments  and  tests  and  in  class  by 
analysis  of  standard  mechanical  and  electrical  machinery.  The  fourth 
year  is  devoted  to  a  detailed  treatment  of  gas  and  steam  engine  design, 
standard  water  turbine  characteristics  and  the  essential  relations  between 
units  constituting  power  plants  and  factories.  Special  attention  is  here 
paid  to  the  economics  of  mechanical  engineering  by  courses  in  industrial 
law,  economics  and  works  raanakement.  Throughout  the  course  the 
aim  is  to  develop  clear  conceptions  of  underlying  principles,  habits  of 
independent  thought  and  orderly  mental  procedure  applicable  to  any 
sort  of  Mechanical  Engineering  problems  rather  than  to  the  memoriza- 
tion of  isolated  facts. 

FIRST   YEAR 

See  page  24 

SECOND   YEAR 


First  Half  Year 

Hours  per  week 

Sec  Page 

Class 

Lab'y 

76 

Chemistry  81 

Industrial  Chemistry 

3 

86 

Drafting  7 

Structural  Drafting 

3 

120 

Physics  5 

Electricity 

2 

96 

Mathematics  65 

Calculus 

5 

Q6 

Mech.  Eng.  11 

Steam  Power  Machinery 

3 

103 

Mech.  Eng.  59 

Empiric  Design 

2 

3 

119 

Phys.  Educ.  B 

Gymnasium 

3 

120 

Physics  43 

Physical  Laboratory 

6 

122 

Shopwork  1 

Pattern  Making 

Total.. 

6 

15 

20 

Second  Half  Year 

76 

Chemistry  8a 

Industrial  Chemistry 

3 

87 

Elect.  Eng.  2 

Elements  of  Electrical  Engineering 

2 

96 

Mech.  Eng.  12 

Steam  Power  Machinery 

3 

I 

99 

Mech.  Eng.  36 

Kinematics 

120 

Mechanics  102 

Analytical  Mechanics 

5 

no 

Metallurgy  134 

Iron  and  Steel 

2 

119 

Phys.  Educ.  B 

Gymnasium 

2 

123 

Shopwork  2 

Moulding  and  Foundry  Practice 

3 

123 

Shopwork  12 

Forging 

Total.. 

6 

15 

20 

SUMME] 

*  Work  :    Shop  V\ 

fork  10s.     125  hours  in  College  shops;  IV 

lech.  Et 

lg.  94s. 

6  wee] 

<s  practical  work  ii 

1  shops  and  drafting  rooms  of  manufactt 

ring  est 

ablish- 

ments 

,  with  report.     A  t 

otal  of  9  weeks. 
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03 


THIRD   YEAR 


See  Page 


80 


9* 
99 
100 
xai 
"3 


80 

83 

88 

96 

99 

100 

102 

104 

104 

104 

105 

103 
in 


Civil  Eng.  53 
Elect.  Eng.  73 
Elect.  Eng.  101 
Mech.  Eng.  17 
Mech.  Eng.  31 
Mech.  Eng.  39 
Mechanics  105 
Shopwork  11 


Civil  Eng.  54 
Civil  Eng.  78 
Elect.  Eng.  4 
Mech.  Eng.  18 
Mech.  Eng.  32 
Mech.  Eng.  40 
Mech.  Eng.  54 
Mech.  Eng.  62, 

Refrig. 
Mech.  Eng.  64, 

Air  Mach. 
Mech.  Eng.  66 

El.  &  Conv. 
Mech.  Eng.  70, 

Pumping 
Mech.  Eng.  60 
Metallurgy  156 


First  Half  Year 


Hours  per  week 


Resistance  of  Materials 
Direct  Current  Laboratory 
Dynamo  and  Motor  Practice 
Technical  Thermodynamics 
Mechanical  Laboratory 
Machine  Design 
Thermodynamics 
Machine  Work 


Total. 


Class       Lab 


13 


Second  Half  Year 


Resistance  of  Materials  (Testing  Lab.) 

Hydraulics 

Electric  Distribution 

Technical  Thermodynamics 

Mechanical  Laboratory 

Machine  Design 

Principles  of  Machine  Manufacture 


Standard  machinery  for  pumping 
compressing,  elevating  and  con 
veying,  heating  and  cooling 


1 


Hydraulic  Laboratory 
Metallographic  Laboratory 


Total.. 


15 


|SummerWork:  Mech.  Eng.  96s.  6  weeks  practical  work  in  power  plant,  with 


report. 


89 
90 
97 
98 

99 
101 
104 


IOI 

104 


Elect. 
Elect. 
Elect. 
Mech. 
Mech. 
Mech. 
Mech. 
Mech. 


Eng.  75 
Eng.  103 
Eng.  105 
Eng.  19 
Eng.  25 
Eng.  33 
Eng.  53 
Eng.  61 


Law  2 

Economics  2 
Mech.  Eng.  20 
Mech.  Eng.  22 
Mech.  Eng.  46 
Mech.  Eng.  52 
Mech.  Eng.  68 


FOURTH    YEAR 
First  Half  Year 


Alternating  Current  Laboratory 
Electric  Power 
Electrical  Distribution 
Engine  Design 
Power  Plant  Design 
Mechanical  Laboratory 
Steam  Turbines 
Seminar 


Total, 


Second  Half  Year 


Business  Law 

Economics 

Engine  Design 

Gas  Power  Machinery 

Water  Power  Machinery 

Works  Management 

Manufacturing  Plant  Design 


Total 


15 


18 
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CHEMISTRY 

General  Statement 

The  regular  four-year  courses  of  instruction  herein  shown  are 
designed  for  the  education  of  professional  chemists  who  intend  to 
devote  their  lives  to  the  practice  of  this  profession,  either  as  teachers 
in  colleges  and  scientific  schools,  or  as  chemists  or  managers  in 
manufacturing  and  other  industrial  enterprises. 

There  are  two  courses  offered,  leading  to  the  degrees  of  Chemist 
and  Chemical  Engineer  respectively. 

Equipment 
In  Havemeyer  Hall  the  Chemical  Department  is  provided  with  ample 
space  for  its  museum,  lecture-rooms,  and  laboratories,  and  every  con- 
venience has  been  provided  for  both  the  instructors  and  students  work- 
ing in  the  general  or  special  courses. 

There  are  five  chemical  lecture-rooms,  all  fully  supplied  with  ap- 
paratus and  instruments,  the  desks  being  equipped  with  pneumatic 
troughs,  gas,  pressure,  exhaust,  and  electricity.  The  large  chemical 
lecture-room  on  the  ground  floor  contains  315  seats. 

The  Chandler  Museum  of  General  Inorganic  and  Organic  Chemistry 
and  of  the  Chemical  Arts,  a  large  room  occupying  the  whole  left  wing 
of  the  ground  floor,  contains  the  elements  and  all  their  more  important 
compounds,  inorganic  and  organic;  materials  and  products  illustrating 
the  chemical  arts,  and  numerous  models,  pictures,  and  diagrams. 

The  Qualitative  Laboratory  has  112  desks,  each  divided  into  two 
sections,  and  each  thoroughly  equipped. 

The  Quantitative  Laboratory  has  eighty-eight  desks.  Attached  to  the 
main  laboratory  is  a  large,  well-equipped  balance-room,  containing 
accurate  balances,  and  special  rooms,  provided  with  apparatus  for  gas: 
water,  food,  and  electrolytic  analysis. 

The  Assay  Laboratory  is  provided  with  crucible  and  muffle  furnaces, 
coal  gas  and  gasoline,  for  the  fire  assay  of  ores;  also  with  crushing  pul- 
verizing and  sampling  machinery,  balance-room,  storeroom,  and  thirty- 
six  well-equipped  working  desks.  It  also  contains  all  the  apparatus 
necessary  for  the  wet  assay  of  silver  bullion  and  for  laboratory  tests 

of  ores.  .j  ... 

The  Organic  Laboratory  has  forty  large  desks,  provided  with  gas, 
water,  exhaust,  and  electricity,  and  has  special  rooms  for  balances, 
pressure  ovens,  glass-blowing,  and  combustions. 

The    Laboratory    of    Industrial    Chemistry,    for    the    instruction    of 
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students  in  practical  operations  and  the  solution  of  problems  in  connec- 
tion with  the  chemical  industries,  is  equipped  for  the  manufacture  of 
pure  chemicals  from  their  raw  materials  on  an  industrial  scale,  with  fine 
batteries  of  steam  evaporators,  and  with  steam  stills,  centrifugals, 
filter  presses,  crushers,  and  the  like.  It  includes  a  dyeing  laboratory 
with  a  large  stock  of  dye-stuffs,  and  with  the  regular  equipment  for  the 
practical  testing  of  dyes,  including  a  calico-printing  machine.  Con- 
nected with  it  is  a  photometer-room,  containing  a  new  and  complete 
outfit  for  the  practical  testing  of  illuminants. 

It  also  includes  a  laboratory  for  chemical  microscopy,  newly  equipped 
with  microscopes,  polarized  light  apparatus,  camera  lucidas,  etc.,  for 
the  practical   use  of  the  microscope   in   chemical   operations. 

A  new  Laboratory  for  Applied  Electrochemistry  has  been  provided. 
The  equipment  consists  of  special  motor-dynamos,  one  of  which  fur- 
nishes direct  current  at  low  voltages  to  the  students'  desks  for  general 
electrolytic  work;  the  other  provides  heavy  alternating  current  to  the 
electric  furnace  room;  this  room  is  furnished  with  all  appliances  for 
electric  furnace  work.  The  students'  desks  are  fitted  with  special 
switchboards  and  measuring  instruments,  and  the  laboratory  has  been 
arranged  for  carrying  on  research  work  in  all  branches  of  electro- 
chemistry. 

The  Laboratory  of  Physical  Chemistry  is  well  equipped  with  the 
most  recent  apparatus  adapted  to  a  wide  range  of  experimental  work 
in  the  branches  of  heat,  light,  and  electricity  as  applied  to  chemical 
problems. 

The  Chemical  Library  in  Havemeyer  Hall  is  supplied  with  an  ex- 
tensive collection  of  chemical  books  and  journals,  and  is  open  from 
9.00  a.m.  to  5.00  p.m.,  and  during  the  session  of  the  University  from 
8.00  to  11.00  P.M. 
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COURSE  LEADING  TO  THE  DEGREE  OF 
CHEMICAL  ENGINEER 

The  regular  four-year  course  of  instruction  shown  below  is  designed 
primarily  for  the  education  of  professional  chemists  who  intend  to 
devote  their  lives  to  the  practice  of  this  profession,  either  as  teachers 
in  colleges  after  pursuing  further  studies,  or  as  research  chemists, 
chemists  or  managers  in  manufacturing  and  other  industrial  enterpriser 

The  course  in  chemical  engineering,  as  will  be  seen,  is  designed 
to  educate  chemists  with  a  sufficient  amount  of  engineering  to  fit  them 
to  take  charge  of  chemical  works  which  depend  largely  on  the  use  of 
machinery  This  requires  a  knowledge  of  mechanical  engineering, 
electrical  engineering,  hydraulics,  mechanical  drawing,  shopwork  etc 
as  well  as  a  thorough  knowledge  of  chemistry  in  all  its  branches.  Such 
an  education  qualifies  a  man  to  act  as  manager  of  gas  works,  sugar 
refineries,  dyeing  and  calico-printing  establishments,  electro-chemical 
works,  etc. 

FIRST    YEAR 

See  page  24 


SECOND  YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

72 
76 
74 
86 
120 
96 
114 
119 

Chemistry  41 
Chemistry  81 
Chemistry  163 
Drafting  7 

Physics  5 
Mathematics  65 
Mineralogy  15 
Phys.  Educ.  B 

Organic  Chemistry 
Industrial  Chemistry 
Quantitative  Analysis 
Structural  Drafting 
Electricity 

Differential  Integral  Calculus 
Determinative  Mineralogy 
Gymnasium 

Total . . 

2 

3 
4 

2 

5 
16 

9 
6 

3 
2 

20 

Second  Half  Year 

72 
76 
74 
3/ 
120 
114 
119 

Chemistry  42 
Chemistry  82 
Chemistry  164 
Elect.  Eng.  2 
Mechanics  102 
Mineralogy  16 
Phys.  Educ.  B 

Organic  Chemistry 
Industrial  Chemistry 
Ouantitative  Analysis 
Elements  of  the  Dynamo 
Analytical  Mechanics 
Determinative  Mineralogy 
Gymnasium 

Total.. 

2 
3 
4 
2 

5 

16 

15 

3 

2 

20 

SUMMEt 

l  WORK  :  Chemistr 

y  8oa,  Chemistry  s6g.    Shopwork  18s  (8),  ; 

j  weeks 

in  June. 
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THIRD  YEAR 


See  Page 


76 
74 

00 

103 

109 
no 


Civil  Eng.  53 
Chemistry  83 
Chemistry  171 
Mech.  Eng.  13 
Meeh.  Eng.  59 
Metallurgy  131 
Metallurgy  141 


81 

Civil  Eng.  54 

76 

Chemistry  84 

73 

Chemistry  150 

88 

Elect.  Eng.  72 

83 

Elect.  Eng.  4 

96 

Mech.  Eng.  14 

05 

Mech.  Eng.  70 

First  Half  Year 


Hours  per  week 


Resistance  of  Materials 

Industrial  Chemistry 

Organic  and  Sanitary  Analysis 

Steam  Power  Machinery 

Empiric  Design 

Iron  and  Steel  (half  term) 

Electro-metallurgy  (half  term) 


Total 


Second  Half  Year 


Resistance  of  Materials  (Testing  Lab.) 

Industrial  Chemistry 

Organic  Chemistry 

Direct  Current  Laboratory 

Electric  Distribution 

Steam  Power  Machinery 

Pumps  and  Pumping  Machinery 


Total 


Class 


19 


Summer  Work 


Chemistry  80b.     Chemical  Factory  work  with 
Memoir— 6  weeks. 


Lab'y 
3 


Civil  Eng.  77 
Chemistry  85 
Chemistry  89 
Chemistry  97 
Chemistry  121 
Mech.  Eng.  17 
Mech.  Eng.  39 
Mech.  Eng.  77 
Metallurgyioi,iu 


FOURTH  YEAR 


Chemistry  86 
Chemistry  98 
Chemistry  122 
Chemistry  184 
Chemistry 
Mech.  Eng.  18 
Mech.  Eng.  52 
Mech.  Eng.  76 
Metallurgy  72 
Metallurgy  122 


First  Half  Year 


Hours  per  week 


Hydraulics 

Industrial  Chemistry 

Industrial  Laboratory 

Factory  Location  and  Construction 

Physical  Chemistry 

Technical  Thermodynamics 

Machine  Design 

Experimental  Engineering  Laboratory 

Introduction  and  Metallurgy  of  Copper 

Total.. 


Second  Half  Yea> 


Industrial  Chemistry 

Factory  Apparatus  and  Machinery 

Physical  Chemistry 

Practical  Electro-Chemistry 

Thesis 

Technical  Thermodynamics 

Works  Management 

Experimental  Engineering  Laboratory 

Laboratory  y 

Metallurgy  of  Gold,  Silver,  Lead,  Zinc 

— Total . . 


M 


17  17 
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COURSE  LEADING  TO  THE  DEGREE  OF  CHEMIST 

The  regular  four  year  course  of  instruction  shown  below  is  designed 
for  the  education  of  professional  chemists  who  intend  to  devote  their 
lives  to  the  practice  of  this  profession,  either  as  teachers  in  colleges  and 
scientific  schools,  after  further  preparation,  or  as  chemists  or  research 
chemists  in  manufacturing  and  other  industrial  enterprises. 

The  course  in  chemistry  includes  not  only  all  branches  of  theoretical, 
analytical,  and  industrial  chemistry,  but  also  collateral  sciences,  such 
as  mathematics,  mechanics,  physics,  mineralogy,  metallurgy,  mechanical 
and  electrical  engineering,  and  drawing,  which  have  been  found  by 
experience  to  be  required  by  the  professional  chemist.  It  is  the  inten- 
tion to  provide  the  graduate  not  only  with  a  thorough  knowledge  oL  the 
principles  and  practice  of  chemistry  in  all  its  branches,  but  with  such  a 
broad  and  liberal  education  in  the  collateral  sciences  as  will  prepare  him 
for  every  demand  that  will  be  likely  to  be  made  upon  him  in  connection 
with  his  profession  or  in  the  pursuit  of  investigation. 


FIRST   YEAR 
See  page  24 


Sea  Page 


71 
7a 
76 
74 
87 
120 
114 
119 


Chemistry  ax 
Chemistry  41 
Chemistry  81 
Chemistry  163 
Physics  5 
Mathematics  65 
Mineralogy  15 
Phys.  Educ.  B 


Chemistry  22 
Chemistry  42 
Chemistry  82 
Chemistry  164 
Elect.  Eng.  2 
Mechanics  102 
Mineralogy  16 
Phys.  Educ.  B 


SECOND  YEAR 


First  Half  Year 


Hours  per  week 


Class 


Elementary  Physical  Chemistry 
Elementary  Organic-Lecture  Course 
Industrial  Chemistry— General  Course 
Quantitative  Analysis 
Elements  of  Electrical  Engineering 
Differential  and  Integral  Calculus 
Determinative  Mineralogy 
Gymnasium 


Total, 


Second  Half  Year 


Elementary  Physical  Chemistry 
Elementary  Organic— Lecture  Course 
Industrial  Chemistry— General  Course 
Quantitative  Analysis 
Elements  of  Dynamo 
Analytical  Mechanics 
Determinative  Mineralogy 
Gymnasium 

Total. 


Summer  Work  :  Chemistry  80a— Memoir. 


Lab'y 


3 

2 

2 

3 

4 

12 

2 

5 

3 

a 

19 

*9 
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THIRD  YEAR 


First  Half  Year 


Hours  per  week 


See  V 


76 
77 
71 
74 
78 
96 
109 
no 


71 
72 
78 

78 
73 
74 
75 
76 
77 
7i 

12 
lo3 


Chemistry  83 
Chemistry  91 
Chemistry  101 
Chemistry  171 
Chemistry  183 
Mech.  Eng.  13 
Metallurgy  131 
Metallurgy  141 


Industrial  Chemistry 
Chemical  Microscopy 
Advanced  Inorganic 
Organic  and  Sanitary  Analysis 
Industrial  Electrochemistry 
Steam  Power  Machinery 
Iron  and  Steel  (half  term) 
Electro-metallurgy  halt-term 


Total. 


Class 


Lab'y 
4 

19 


Second  Half  Year 


Chemistry  84 
Chemistry  88 
Chemistry  92 
Chemistry  102 
Chemistry  170 
Chemistry  184 
Mech.  Eng.  14 


Industrial  Chemistry 

Industrial— Laboratory  Course 

Chemical  Microscopy 

Advanced  Inorganic  Chemistry 

Assaying 

Industrial  Electrochemistry 

Steam  Power  Machinery 


Total. 


Summer  Work:  Chemistry  80b— Memoir. 


FOURTH  YEAR 


First  Half  Year 


Chemistry  7 
Chemistry  23 
Chemistry  93 
Chemistry  95 
Chemistry  143 
Chemistry  167 
Chemistry  173 
Chemistry  85 
Chemistry  89 
Chemistry  121 
Chemistry  141 
Metallurgy    ioi, 

in 
Metallurgy  131 


Elective 
or  taken 
from 
after- 
noons 


Inorganic  Chemistry— or 

Physical  Chemistry— or 

Electro  Chemistry— or 

Industrial  Chemistry— or 

Organic  Chemistry— or 

Adv.Inorg.Anal.Chem.— or 

Adv.  Org.  Anal.  Chemistry 

Industrial  Chemistry 

Industrial  Chemistry-Lab.  Practice 

Physical  Chemistry 

Organic  Chemistry— General  Course 

Introduction  and  MetaPgy  of  Copper 
Iron  and  Steel  (half  term)* 


For  1910— 11  only, 


Total 


Second  Half  Year 


Chemistry  86 
Chemistry  122 
Chemistry  14a 
Metallurgy  122 
Thesis— 
Chemistry  8 
Chemistry  24 
Chemistry  94 
Chemistry  96 
Chemistry  144 
Chemistry  168 
Chemistry  174 
Chemistry  176 


Industrial  Chemistry 

Physical  Chemistry 

Organic  Chemistry— General  Course 

Lead,  Silver,  Gold  and  Zinc 

Inorg.  Chemistry— or 
Physical  Chemistry— or 
Electro-Chemistry— or 
Industrial  Chemistry— or 
Organic  Chemistry— or 
Adv.  Inorg.  Anal.  Chemistry— or 
Adv.  Org.  Anal.  Chemistry— or 
Food  Chemistry 

Total. 


16 


15 
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COURSES    OF    INSTRUCTION 
Arranged  Alphabetically  by  Departments 

ASTRONOMY 

105— Geodesy.     3  hours.     Professor  S.  A.  Mitchell. 

Brief  history  of  geodetic  operations  and  description  of  theodolites, 
base  apparatus,  and  other  instruments  used  in  geodetic  work  including 
their   adjustment   and    use.     Text-book:    Wilson's    Topographic   Sur- 

L  106— Geodesy.  1  hour  and  1  laboratory  period.  Professor  S.  A. 
Mitchell. 

The  applications  of  practical  astronomy  to  Seodetic  surveying,  and 
training  in  methods  of  accurate  computation.  Text-book.  Wilsons 
Topographic  Surveying. 

107— Geodesy.    Professors  Jacoby  and  S.  A.  Mitchell,  with  Assist- 

anSummcr  Course  in  Practical  Geodesy:  Given  at  Camp  Columbia, 
Morris,  Conn. 

Pre-requisite  for  all  courses:  Mathematics  of  first  two  years. 

BACTERIOLOGY 

101-Sanitary  Bacteriology.     2  hours  and  2  afternoons  a  week  for 
nine  weeks.     Professor  Hiss  and  Assistants. 

Practical  instruction   in  Bacteriology  and  Hygiene.     A  s hort  course 
for    Sanitary   Engineering    Students    adapted  from    and   covering    th 
more   important   topes  treated   in   Courses   51    and  201.      the   course 
opens  with  the  study  of  the  relationship  of  bacteria  to  other  micro- 
o?ganism        It    embraces    the    methods    of    staining,    examining     and 
cuftivathig     The  student  is  taught  by  practical  exercises  the  methods 
o    separaf  ng  one  species  of  bacteria  from  another,  and  the  series ;  of 
bologTcarcharactersPused  in  identification  of  the  various  forms      The 
general  and  special  relationship  of  micro-organisms  to  disease  is  con 
sidered       Finally    some   of    the    hygienic   aspects    of    bacteriology   are 
tudied  by  experiments  in  the  sterilization  of  infectious  j material,  - 1 m- 
infection  of  the  hands,  and  by  practice  in  the  biology  of  air  wa ter  nnlk, 
and   other   foods,   and   soil   analysis.     For   students    in    Sanitary   Fn 
gineering. 

Pre-requisite:    Chemistry  65,  92a. 

BOTANY 

7-Growth  and  Character  of  Timber.  Professor  Curtis  and  Dr. 
Darling.  ,       ,  , 

This  work  considers  the  growth  of  the  tree  and  ^e  character  and 
arrangement  of  its  tissues;  the  relation   of  moisture  to  the  strength 
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of  timber;  the  deterioration  and  preservation  of  lumber  and  its  dis- 
tribution and  identification. 

One  hour  and  one  afternoon  each  week  during  first  term  of  second 
year  for  Civil  Engineering  students. 


CHEMISTRY 
Courses 

The  following  courses  in  Chemistry  arc  included  in  the  programs 
of  study  of  the  Schools  of  Mines,  Engineering  and  Chemistry.  For 
other  courses  offered  see  the  Announcement  of  the  Division  of 
Chemistry. 

Inorganic  Chemistry 

3-4— General  Inorganic  Chemistry.  3  lectures  and  1  recitation. 
Professor  Whitaker  and  Dr.  Kress. 

Introduction.  Laws  of  chemical  combination,  history,  occurrence, 
preparation,  and  properties  of  the  elements  and  their  principal  com- 
pounds. 

Tre-rcquisite:    Course  Chem.  A  or   Entrance  Examination  in  Chemistry. 

7-8— Inorganic  Chemistry.  2  hours  lectures  or  conferences  through- 
out the  year  and  5  afternoons  laboratory  during  the  second  half-year. 
Professor  Whitaker. 

Designed  for  fourth-year  students  in  the  course  of  chemistry  selecting 
a  thesis  in  inorganic  chemistry. 

101-102— Advanced  Inorganic  Chemistry.  2  lectures.  Professor 
Whitaker. 

Including  the  origin  and  development  of  the  periodic  law,  and  the 
history   and  properties    of   the    rare    elements. 
Fre-requisite:     Courses  3-4  and  61-62. 

Summer  Courses 
For  details,  see  the  Announcement  of  the  Summer  Session, 
si  (s6)—  General  Chemistry.    5  hours  lectures,  12  hours  laboratory 
work,  and  2  hours  recitations.    Mr.  Williams  and  Mr.  Whitman. 

Physical   Chemistry 

21-22— Elementary  Physical  Chemistry.  2  hours  lectures  and 
recitations  first  half-year  and  3  hours  second  half-year,  with  laboratory 
work  15  afternoons  second  half-year  (equivalent  to  1  afternoon  through- 
out the  half-year).     Professor  Morgan  and  Assistant. 

Text-books:  Portions  of  Morgan's  Physical  Chemistry  for  Electrical 
Engineers  and  Ostwald's  Physico-Chemical  Measurements. 
Pre-requisite:    Course  3-4  and  Physics  3-4. 

121-122— Physical  Chemistry.  3  hours  lectures  and  recitations 
during  the  entire  year,  and  15  afternoons,  equivalent  to  1  afternoon  a 
week,  laboratory  during  the  first  half-year.  Professor  Morgan  and 
Assistant. 
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A  course  treating  of  the  states  of  aggregation,  solution,  and  ions 
in  analytical  chemistry,  thermo-chemistry  chemical  mechanics  and 
electro-chemistry.  Text-books:  Morgan's  Elements  of  Physical  Chem- 
istry   and  Ostwald's  Physico-chemical  Measurements. 

'  Pre-requisite:    Course  3-4  and  61-62,  Physics  3-4  and  Mathematics  5-6. 

38— Theoretical  Electro-chemistry.  2  hours  lectures  and  recita- 
tions.    Professor  Morgan. 

Text-book:  Portions  of  Morgan's  Physical  Chemistry  for  Electrical 
Engineers. 

Pre-requisite:    Course  3-4  and  65,  Physics  3-4,   and  Mathematics  5-6. 

23-24— Physical  Chemistry.  2  hours  in  lectures  or  conferences 
throughout  the  year,  and  5  afternoons  laboratory  during  the  second 
half-year.     Professor  Morgan. 

Designed  for  four-year  students  in  the  course  of  chemistry,  selecting  a  thesis 
in   physical  chemistry. 

Summer   Courses 

For  details,  see  the  Announcement  of  the  Summer  Session. 

5138— Elementary  Physical  Chemistry.  5  hours.  Professor 
Morgan. 

Research.  The  laboratory  is  open  to  properly  qualified  students  for 
research  under  the  direction  of  Professor  Morgan. 

Organic   Chemistry 
41-42— Organic  Chemistry,  Elementary  Lecture  Course.    2  hours. 
Dr.  Nelson. 

An  introductory  course,  which  can  be  taken  with  advantage  by  college 
students  and  by  those  expecting  to  enter  the  medical  course  Instruc- 
tion given  on  such  important  classes  of  compounds  as  the  hydrocarbons, 
alcohols,  ethers,  organic  acids,  fats,  waxes,  soaps  cyanides  sugars, 
carbohydrates,  alkaloids,  coloring  matters,  drugs,  perfumes,  and  the  like 
The  lectures  will  be  liberally  illustrated  by  material  from  the  Chemical 
Museum  and  by  experimental  demonstration.  Text-book:  Perkin  & 
Kipping's  Organic  Chemistry. 

Prerequisite:     Course   3-4.     It   is   urged   that,    if   possible,    laboratory   work, 
Course  43-44,  be  taken  with  this  elementary  lecture  course. 

43-44— Organic     Chemistry,     Elementary     Laboratory     Course. 

8  hours.     Dr.  Nelson  and  Assistant. 

A  study  of  the  typical  methods  for  preparation  and  the  typical  reac- 
tions of  the  important  classes  of  organic  compounds.     The  laboratory 
work  may  be  varied  according  to  the  needs  of  the  student.    Text-book : 
Gattermann's  Practical  Methods  of  Organic  Chemistry. 
Pre-requisite  or  parallel:   Courses  3-4  and  41-42. 

141-142— Organic  Chemistry,  General  Course.  4  lectures  and 
1  recitation  a  week  for  one  year,  and  4  afternoons  laboratory  the 
first  half-year.     Professor  Bogert,  Dr.  Nelson  and  Assistant. 

A  more  comprehensive  treatment  of  the  subject,  including  a  dis- 
cussion of  all   the   important   classes   of   organic   compounds.     In   the 
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laboratory  a  large  number  of  typical  organic  substances  are  prepared 
synthetically,  and  instruction  is  given  in  the  methods  of  qualitative 
and  ultimate  organic  analysis.  In  addition  to  this,  students  taking 
the  course  as  a  major  for  A.M.  arc  required  to  submit  an  essay  upon 
some  special  line  of  practical  work  assigned  by  the  instructor.  Text- 
books:  Holleman's  Organic  Chemistry,  Gattermann's  Practical  Meth- 
ods of  Organic  Chemistry. 

Pre-requisite:   Courses  3-4,  21-22,  and   161-162. 

143-144— Organic  Chemistry,  Conferences.  2  hours.  Professor 
Bogert. 

Presentation  and  discussion  of  recent  important  investigations  in  the 
field  of  organic  chemistry. 

Required  together  with  5  afternoons  laboratory  practice  the  second  half- 
year,  of  all  fourth-year  students  in  the  School  of  Chemistry  selecting  a  thesis  in 
organic  chemistry.     Pre-requisite  or  parallel:    Course  141-142. 

150— Advanced  Organic  Chemistry  for  Chemical  Engineering 
Students.  2  lectures  and  3  afternoons  per  week,  second  half-year. 
Dr.  Nelson  and  Assistant. 

The  study  of  organic  compounds  and  reactions  with  particular  refer- 
ence to  their  relation  to  commercial  products  and  manufacturing 
processes. 

Pre-requisite:  Course  41-42  or  its  equivalent.  Required  of  all  third-year 
chemical  engineering   students. 

151-152— -Advanced     Organic     Chemistry,     Laboratory     Course. 

2  afternoons  per  week.     Professor  Bogert,  Dr.  Nelson  and  Assistant. 

The  synthesis  and  study  of  any  one  of  such  important  groups  of 
organic  compounds  as  (a)  dyestuffs,  (b)  essential  oils,  (c)  "alkaloids, 
(d)  synthetic  drugs  and  organic  substances  of  special  interest  to  the 
medical  profession,  or  similar  groups  to  be  selected  by  conference 
with  the  instructor. 

For  chemical  engineers  electing  a  thesis  in  organic  chemistry,  3  after- 
noons per  week,  second  half-year.     Minor  for  A.M.  or  Ph.D.  or  major 
for  A.M.,  depending  upon  amount  of  work  performed. 
Pre-requisite:     Courses  3-4,  41-42,  and  43-44. 

S43-44  (S30)— Organic  Chemistry,  Laboratory  Course.  Dr.  Nel- 
son and  Assistant. 

sF— Chemistry  of  Nutrition.      (See  page  76.) 

Research.  The  laboratory  is  open  to  properly  qualified  students  for 
research  under  the  direction   of  Dr.    Nelson  and  Assistant. 

Analytical  Chemistry 

61  or  62— Qualitative  Analysis.  4  hours  and  5  afternoons.  Dr. 
Beans,  Dr.  Zanetti,  Mr.  Moore,  Dr.  Uhlig. 

Theory  and  practice  of  qualitative  analysis  based  upon  the  principles 
of  physical  chemistry.     Text-book:  Bottger's  Qualitative  Analysis. 
Pre-requisite:    Course  1  or  2  or  its  equivalent. 

65— Quantitative  Analysis,  Inorganic,  Short  Course.  2  hours  and 
2  afternoons.    Dr.  Metzger  and  Dr.  Jouet. 
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Text-books:  Miller's  Notes  on  Quantitative  Analysis  and  Miller's 
Calculations  of  Analytical  Chemistry.  _ 

The  analyses  included  in  this  course  are :  Magnesium  sulphate,  potas- 
sium alum,  coal,  iron  ore,  copper,  zinc,  alkalimetry,  acidimetry,  and 
flue  gas. 

Pre-requisite:    Courses  3-4  and  61  or  62. 

66— Quantitative  Analysis,  Inorganic.  3  hours  and  5  afternoons. 
Dr.  Metzger,  Dr.  Jouet  and  Assistants. 

Text-books:  Miller's  Notes  on  Quantitative  Analysis  and  Miller's 
Calculations  of  Analytical  Chemistry.  , 

The  analyses  included  in  this  course  are :  Magnesium  sulphate,  potas- 
sium alum,  iron-ammonium  alum,  coal,  iron  ore,  pig  iron,  Spiegel,  zinc 
ore,  limestone,  slag,  copper,  lead,  arsenic,  antimony  ores,  and  flue  gas. 
Pre-requisite:    Courses  3-4  and  61  or  62. 

7I_Quantitative  Analysis.  2  lectures  and  6  hours  laboratory,  count- 
ing as  5  points.    Dr.  Metzger  and  Dr.  Jouet. 

Prerequisite  course:   M.  E.  67-68. 

161- 162— Quantitative  Analysis,  Inorganic.  1  hour  and  8  hours 
laboratory.     Dr.  Metzger  and  Assistant. 

Text-book :  Talbot's  Quantitative  Analysis. 
Pre-requisite:    Courses  3-4  and  61  or  62. 

163-164— Quantitative  Analysis.  4  hours  and  4  afternoons.  Dr. 
Metzger  and  Dr.  Jouet. 

The  classroom  work  includes  not  only  the  methods  applied  in  the 
laboratory,  but  discussions  of  quantitative  separations  from  a  theoretical 
standpoint,  and  chemical  calculations.  Text-books:  Treadwell  s  Quan- 
titative Analysis  and  Miller's  Calculations  of  Analytical  Chemistry. 

The  analyses  included  in  this  course  are:  Magnesium  sulphate, 
sodium  or  other  chloride,  potassium  alum,  iron  ammonium  alum,  coal, 
iron  ore,  pig  iron,  Spiegel,  limestone,  slag,  feldspar,  ores  of  zinc,  copper, 
nickel,  lead,  chromium,  arsenic,  antimony,  alloys,  rocks,  gas  anal- 
ysis, etc. 

Tre-requisite:    Courses  3-4  and  61  or  62. 

167-168— Advanced  Inorganic  Analysis.    2  hours.    Dr.  Metzger. 

Laboratory  practice  S  afternoons  during  the  second  half-year  for 
students  in  the  course  of  Chemistry,  who  elect  thesis  work  in  inorganic 
analytical   chemistry.  ,  ,    .     , 

In  the  first  half-year,  systematic  volumetric  analysis  and  technical 
analytical  methods  connected  with  iron,  steel,  copper,  lead  and  zinc 
metallurgy.  In  the  second  half-year,  rock  analysis  and  the  analytical 
chemistry  of  the  rare  elements. 

Pre-requisite  or  parallel:     Chemistry  101-102,  121-122,  163-164. 

171— Organic  and  Sanitary  Analysis.  4  hours  and  laboratory  work 
5  afternoons  for  chemists,  3  afternoons  for  chemical  engineers,  3  to  5 
afternoons  for  graduate  students.     Professor  Sherman  and  Assistant. 

The  lectures  include  general  and  industrial  organic  analysis,  food 
and  fertilizer  analysis  and  inspection,  examination  of  drinking  water. 
Special  attention  is  given  to  the  interpretation  of  the  analytical  results. 
Text-books:  Sherman's  Methods  of  Organic  Analysis  and  Masons 
Examination  of  Water;  for  reference,  Richards  and  Woodman  s  Air, 
Water  and  Food. 
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The  analyses  included  in  this  course  are:  Acidimetry  and  alkalimetry, 
alcohol,  glycerol,  formaldehyde,  sugars,  cream  of  tartar,  milk,  butter, 
tatty  and  lubricating  oils,  soap,  paint,  asphalt,  fertilizers,  and  the 
sanitary  analysis  of  water. 

Pre-requisite :    Courses  3-4,  61-62,  161-162  and  41-42. 

1 73- 1 74— Advanced  Organic  Analysis.  2  hours  throughout  the  year 
and  laboratory  work  during  the  second  half-year,  5  afternoons  for 
fourth-year  students  in  the  Chemistry  course  who  elect  thesis  work  in 
organic  analytical  chemistry  or  food  chemistry.     Professor  Sherman. 

The  analytical  chemistry  of  proteins  and  their  derivatives,  alkaloids, 
tannins  and  fibres ;  plant  analysis ;  advanced  methods  in  food  analysis ; 
measurement  of  the  activity  of  enzymes  and  the  digestibility  and  nutri- 
tive value  of  food;  systematic  review  of  organic  analysis. 

Pre-requisite  or  parallel:     Course  171   (or  equivalent  work  in  271-272). 

176— Chemistry  of  Food  and  Nutrition.  3  hours.  Professor 
Sherman. 

The  chemistry  and  functions  of  the  foodstuffs ;  the  composition  and 
nutritive  values  of  food  materials;  the  amounts  of  food  required  in 
nutrition ;  methods  of  determining  the  nutritive  values  of  special  foods 
and  the  effects#  of  adulteration;  food  legislation  and  inspection; 
standards  of  purity  for  food  products ;  normal  and  abnormal  variations 
in  composition. 

69  or  170— Assaying.  2  lectures  or  recitations  a  week,  and  labora- 
tory practice,  during  the  first  half-year  for  mining  engineers  and 
metallurgists;  during  the  second  half-year  for  chemists.     Mr.  Hall. 

Ores  and  metallurgical  products.  Text-book:  Fulton's  Manual  of 
Assaying. 

The  assays  included  in  this  course  are:  Preliminary  (reagents,  etc.)  ; 
lead  ores;  gold  and  silver  ores,  pure  and  impure,  including  galena' 
stibmte,  arsenopynte,  blende,  pyrite,  tellurides,  etc. ;  mattes  and  tailings ; 
corrected  assays  and  extraction  tests;  gold,  silver,  and  lead  bullions! 

^L£b°Iau°^  work  r0r  ™inir!S  engineers  and  metallurgists,  3  afternoons  during 
the  first  half-year;    for  chemists,  3  afternoons  during  the  second  half-year. 
Pre-requisite:    Courses  3-4,   61-62,  and  Mineralogy  1-2  or  7-8. 

160— Special  Methods  of  Assaying  Ores,  Alloys,  and  Furnace 
Products.  Conferences  and  laboratory  work  at  least  8  hours  a  week 
for  one  half-year.     Mr.  Hall. 

Comparison  of  methods   and  determination  of  losses. 

Pre-requisite:    Courses  3-4,  61-62,  69,  and  Mineralogy  1-2  or  7-8. 

Summer  Courses 
For  details,  see  the  Announcement  of  the  Summer  Session. 
S61-62-— Qualitative  Analysis.     10  hours  lectures  and   conferences, 
and  30  hours  laboratory  work  a   week.     Dr.  Beans. 

S69  or  170— Assaying.  5  hours  lectures  and  30  hours  laboratory 
work  a  week.     Mr.  Hall. 

Required  of  Chem.  Engineers. 

S161-162— Quantitative  Analysis.  5  hours  lectures  and  30  hours 
laboratory  work  a  week   (accepted  for  Course  65).     Dr.  Jouet. 
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sF— Chemistry  of  Nutrition.  5  hours  lectures.  Professor  Sher- 
man. 

5171a— Organic  and  Sanitary  Analysis.  Conferences  and  laboratory 
work  12  to  30  hours  a  week.     Professor  Sherman  and  Assistant. 

S171D*— Food  Analysis  and  Inspection.     Professor  Sherman. 

S171C*— Industrial  Organic  Analysis.     Professor   Sherman. 

♦Given  alternate  years. 

Research.  The  laboratory  is  open  to  properly  qualified  students  for 
research,  in  organic  analytical  chemistry  or  the  chemistry  of  foods, 
under  the  direction  of  Professor  Sherman. 

Industrial  Chemistry 

81-82— Industrial  Chemistry,  General  Course.  3  hours  lectures. 
Professor  Whitaker  and  Dr.  Kress. 

The  subjects  discussed  are:  (1)  Air:  nature,  sources  of  contamina- 
tion sewer  gas,  plumbing,  draining,  disinfection,  ventilation.  (2)  Water: 
composition  of  natural  waters,  pollution,  disposal  of  sewage  and  house 
refuse  (3)  Artificial  illumination:  candles,  oils  and  lamps,  petroleum, 
gas  and  its  products,  electric  light.  (4)  Limes,  mortars,  and  cements. 
(5)  Building-stones:  decav  and  preservation.  (6)  Timber  and  its 
preservation:  pigments,  paints,  essential  oils,  varnishes,  preserving 
processes.  (7)  Explosives:  gunpowder,  gun-cotton,  nitro-glycerine. 
(8)  Glass  and  ceramics.  (9)  Electro-metallurgy.  _  (10)  Photography. 
Text-books:  Park's  Hygiene  and  Wagner's  Chemical  Technology. 

Fre-rcquisite:    Course  3-4. 

83-84— Industrial  Chemistry,  Special  Course.  3  lectures.  Pro- 
fessor Whitaker  and  Dr.  Kress. 

The  subjects  discussed  are:  (1)  Chemical  manufactures:  acids  alka- 
lies, and  salts,  (a)  Sulphur,  sulphurous  acid,  hyposulphites,  sulphuric 
acid,  bisulphide  of  carbon,  (b)  Common  salt,  soda  ash,  hydrochloric 
acid,  chlorine,  binoxide  of  manganese,  bleaching  powder  chlorates, 
chlorimetry.  (c)  Carbonate  of  potash,  caustic  potash,  (rf)  Nitric 
acid  and  nitrates,  (e)  Iodine,  bromine,  (f)  Sodium  aluminum,  mag- 
nesium, (g)  Phosphorus,  matches,  (h)  Ammonia  salts,  (t)  Cyanides. 
(/)  Alum,  copperas,  blue  vitriol,  salts  of  magnesia,  baryta  strontia. 
(k)  Borates,  stannates,  tungstates,  chromates.  (/)  Salts  of  mercury 
and  silver,  (w)  Oils,  fats,  soaps,  and  glycerine.  Text-books :  Thorpe  s 
Outlines  Industrial  Chemistry;  Wagners  Chemical  I  echnology; 
Lunge's  Manufacture  of  Sulphuric  Acid  and  Soda.  Given  alternate 
years. 

Pre-requisite:    Courses  3-4,  81-82. 

85-86— Industrial  Chemistry,  Special  Course  (continued).  3  hours 
lectures.     Professors  Whitaker,  Sherman  and  Dr.  Kress. 

(2)  Food  and  drink :  milk,  cereals,  starch,  bread,  meat,  tea,  coffee, 
sugar,  fermentation,  wine,  beer,  spirits,  vinegar,  preservation  ot  tood. 
(3)  Clothing:  textile  fabrics,  bleaching,  dyeing,  calico  printing;  paper, 
tanning,  glue,  india-rubber,  gutta-percha.  (4)  Fertilizers :  guano  super- 
phosphates, poudrettes.  Text-books:  Sadtler's  Industrial  Organic 
Chemistry;  Wiley's  Foods  and  Their  Adulteration;  Wagner  s  Chem- 


CHEMISTRY  77 

icd  Technology;  Schultz'  and  Julius'  Kucnstlichen  Organischen  Farb- 
stoile;  Schultz'  Chcmic  dcs  Stcinkohlcnthccrs.    Given  alternate  years. 
Prerequisite:    Courses  3-4,  81-82. 

88— Industrial  Chemistry,  Laboratory  Practice.  3  afternoons. 
Professor  Whitaker  and  Dr.   Kress. 

Preparation  of  inorganic  chemicals,  including  the  preparation  and 
punncation  of  chemical  reagents,  pigments,  and  salts  of  the  rare  as 
well  as  of  the  common  metals. 

Pre-requisite:    Courses  3-4,  61-62. 

89— Industrial  Chemistry,  Laboratory  Practice.  1  afternoon  a 
week.     Professor  Whitaker  and  Dr.  Kress. 

Special  applications:  Textile  industry,  vegetable  and  animal  fibres 
bleaching,  dyeing,  and  calico  printing. 

Pre-requisite:    Course  3-4,   61-62,  147-148. 

91-92— Chemical  Microscopy.  4  hours  lectures  and  laboratory  prac- 
tice a  week.     Professor  Whitaker  and  Dr.  Kress. 

The  use  of  the  microscope  for  the  identification  of  crystalline  chemical 
compounds    fibres,   starches,   urinary   sediments,   micro-organisms    etc 
with  special  application  to  the  detection  of  poisons  and  food  adulterants! 

92a— Microscopy.  Laboratory  and  conference,  2  hours  a  week  dur- 
ing February  and  March.     Professor  Whitaker  and  Dr.  Kress. 

M«rifiSS^°n'*  USC'  and  if1""  °f  the,  microsc°Pe-  Examination  and 
identification  of  common  fibres,  starches,  spices,  yeasts  and  other  ob- 
jects of  economic  importance.  Common  adulterants.  Measurement 
ot  sand  grains,  micro-organisms,  etc. 

Pre-requisite:    Chemistry  65. 

95-96— Industrial  Chemistry.  2  hours  throughout  the  year,  and 
5  afternoons  in  the  laboratory  during  the  second  half-year.  Professor 
Whitaker  and  Dr.  Kress. 

th£fs^^  in   <he   course  of   chemistry   selecting  a 

97— Chemical  Factory  Location  and  Construction.  3  hours. 
Professor  Whitaker  and  Dr.  Kress. 

a  J°.C°yer  di?erfnt  Problems  connected  with  the  location,  construction 
and  equipment  of  chemical  factories. 

98— Chemical  Factory  Apparatus  and  Machines.  1  hour.  Pro- 
fessor Whitaker  and  Dr.  Kress. 

To  cover  the  construction  and  use  of  the  apparatus  and  machinery 
used   in  chemical  factories.  y 

80a— Factory  Inspection  and  Summer  Memoir.  Professor  Whit- 
aker and  Dr.  Kress. 

nJrSNew  Ynrlfr!?*0"  °v!  Chemk^  Trks  °f  Special  interest  in  an<* 
hmL*     A     ■  ity'   rtCh  a-S   ^aS  WOrks-   PetroIe«m   refineries,   sugar 

houses,    dyeing   and    calico-printing  establishments,    paint    and    varnth 

°;,ef'    S2?P'    candle.  and    oleomargarine    works,    paper    milb     and 
plants   for  the  purification  of  water  and  sewage 

,  A!so  a  memoir  descriptive  of  some  chemical  process,  the  subject  to 
be  assigned  to  each  student.  J 
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Required  of  all  second-year  students  in  the  courses  of  chemistry  and 
chemical  engineering.  The  visits  to  factories  are  made  during  the  two 
weeks  following  the  final  examinations.  The  memoir  must  be  wholly 
completed  by  December  ist. 

8ob — Factory  Inspection  and  Summer  Memoir.    Professor  Whit- 

aker  and  Dr.  Kress. 

Similar  to  8oa,  excepting  that  the  memoir  covers  description,  work- 
ing plans,  and  full  estimate  of  cost  of  a  chemical  laboratory,  according 
to    outlines   assigned   to  each  student. 

Required  of  all  third-year  students  in  the  course  of  chemistry. 

Required,  without  memoir,  of  all  third-year  students  in  the  course 
of   chemical   engineering. 

Electro-Chemistry 

93-94 — Electro-Chemistry.      2    hours    in    lectures    or    conferences 

throughout  the  year,   and  5  afternoons  in  the   laboratory  during  the 

second  half-year.     Professor   Tucker. 

Designed    for    fourth-year  students   in   the  course  of   chemistry   or   chemical 
engineering  selecting  a  thesis  in  electro-chemistry. 

181  or  182 — Practical  Electro-Chemistry.  10  hours  per  week.  Pro- 
fessor Tucker. 

Electro-plating,  influential  factors  in  electrolysis,  electrolysis  with 
molten  electrolytes,  the  use  of  diaphragms,  electrolytic  preparations, 
electric  furnace  practice. 

Prerequisite:    Courses  3-4,  61-62,  65. 

183-184— Industrial  Electro-Chemistry.  1  hour  and  the  equivalent 
of  14  afternoons  laboratory  work.     Professor  Tucker. 

Theory    and   practice    of   electrolysis    or    electro-deposition,    electric 
smelting   and    refining,   primary    and    secondary   batteries,    production, 
preparation  and  purification  of  chemicals  and  metals. 
Pre-requisite:    3-4,  65. 
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2 — Theory  of  Surveying.  Lectures  and  recitations,  2  hours,  second 
half-year.    Professor  Lovell,  Mr.  Foote  and  Assistants. 

For  first-year  students  in  the  Schools  of  Mines,  Engineering,  and 
Chemistry. 

Methods  of  measuring  angles  and  distances.  Cumulative  and  com- 
pensating errors,  and  corrections  to  be  applied.  Limits  of  precision. 
Use,  care,  and  adjustment  of  the  engineer's  transit,  level,  and  compass. 
Magnetic  declination  and  variation.  Local  attraction.  Relocation  of 
old  lines  by  compass  bearings.  Erroneous  standards.  Surplus  and 
deficiency.  Significance  of  monuments.  Traverses ;  computations  of 
area  and"  error  of  closure.  Laying  out  and  dividing  up  land.  System 
of  public  land  surveys.  Topographic  surveys ;  transit  stadia  and  plane 
table  methods.  Triangulation.  City  surveying,  subdivision  and  re- 
surveys.  Interpretation  of  deed  descriptions.  Text-book:  Tracy's 
Plane  Surveying. 
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15— Surveying  between  the  First  and  Second  Years.  Field  work 
and  office  work.  5  weeks.  5  surveys.  Professor  LoVELL,  Mr.  Foote, 
and  Assistants. 

Survey  1  includes  pacing  and  chaining,  ranging  out  lines,  contour- 
ing with  hand  level,  mapping.  Survey  2  consists  of  the  adjustment  of 
the  level  and  in  running  a  line  of  differential  levels.  Note  book  and 
report.  Survey  3  consists  of  the  adjustment  of  the  transit,  angle  read- 
ing by  repetition,  determination  of  stadia  constant,  and  running  an 
azimuth  traverse  in  which  horizontal  distances  are  determined  by  the 
stadia,  and  differences  of  elevation  computed  from  the  vertical  angle. 
Note  book  and  map.  Survey  4  consists  of  a  compass  survey  of  a 
closed  field,  location  of  boundaries  and  principal  details,  computation 
of  area,  and  map.  Survey  5  consists  of  repetition  traverse  of  a  closed 
field,  distances  being  measured  by  steel  tape  corrected  for  catenary, 
pull,  and  temperature.  Determination  of  magnetic  declination  by  ob- 
servation on  Polaris. 

Pre-requisite :  2. 
21— Highway  Engineering.    Lectures  and  recitations,  2  hours.     Dr. 


Road  resistances — Design,  construction,  maintenance  and  repair,  of 
Dirt,  Gravel,  Broken  Stone  and  Miscellaneous  Roads— Street  Location 
—City  pavements— Belgian  and  Granite  Block,  Brick.  Asphalt  and 
Wooden  Block— Foundations— Grades— Drainage,  Specifications.  Ref- 
erence  and  text-books:   Morrison's  Highway  Engineering. 

23— Theory  of  Railroad  Surveying.  2  hours  and  1  afternoon  prob- 
lem work.     Professor  Lovell  and  Mr.  Foote. 

An  abridged  course,  for  students  in  Mining  Engineering,  covering 
the  same  subjects  as  are  taken  in  Course  51-52. 

Pre-requisite:    15. 

25— Surveying  between  the  Second  and  Third  Years.  Field  work 
and  office  work.  5  weeks.  5  surveys.  Professor  Lovell,  Mr.  Foote 
and  Assistants. 

Survey  /consists  of  running  a  line  of  levels  for  a  water  main  or 
sewer,  plotting  profile,  and  computation  of  excavation.  Survey  2  con- 
sists of  a  topographic  survey  with  plane  table.  Intersection,  re-section, 
and  traverse  methods  to  be  used,  and  map  made.  Survey  3  consists 
of  a  topographic  survey  with  transit  and  stadia;  note-book  and  map. 
An  optional  course  in  photographic  surveying  may  be  offered  in  191 1. 
Survey  4  consists  of  solar  observations  with  transit  and  solar  compass 
for  the  determination  of  the  true  meridian  and  magnetic  declination. 
Survey  5a,  City  surveying,  consists  of  the  division  of  land  into  city 
blocks  and  subdivision  into  lots  and  the  location  of  the  street  and  lot 
lines;  grade  lines  for  streets  and  grades  at  street  intersections;  location 
and  grade  of  sewers;  including  map,  profile,  and  computation  of  ex- 
cavation for  street  opening  and  sewer  line.  Relocation  of  lot  lines  and 
problems  in  surplus  and  deficiency,  map  showing  property  with  record 
line  and  encroachments.  Location  of  lines  for  buildings,  bridge  abut- 
ments, etc. 

Pre-requisite:    15. 

26— Surveying   between   the   Third   and   Fourth   Years.     Hydro- 
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graphic  Survey.     Field  and  office  work.     2  weeks.     Professor  Lovell, 
Mr.  Foote  and  Assistants. 

Survey  made  in  conjunction  with  Geodetic  Survey  (total  time  5 
weeks  see  page  70,  Dept.  of  Astronomy),  which  furnishes  main  tri- 
aneulation  net  for  topographic  and  hydrographic  control.  Hydro- 
crraphic  survey  consists  of  auxiliary  tnangulation,  topography  on 
shore  by  stadia,  soundings,  observations  on  outlet  by  current  meter 
for  river  discharge,  adjustment  of  angles,  computation  of  tnangula- 
tion system,  also  of  river  discharge,  map  and  report. 
Pre-requisite:    25. 

27— Surveying  between  the  Second  and  Third  Years.  Field  work 
and  office  work.  5  weeks.  5  surveys.  Professor  Lovell,  Mr.  Foote 
and  Assistants. 

Same  as  C.  E.  25  except  Survey  5a  is  omitted  and  Survey  5j  is 
added  Survey  5b  consists  of  the  location  of  a  mining  claim  1,500  ieet 
lone  by  wo  feet  wide  in  conflict  with  existing  claims,  and  the  deter- 
mination of  the  areas  in  conflict.  The  claim  is  located  upon  an  outcrop 
of  assumed  dip  and  strike,  in  such  a  manner  as  to  keep  the  center 
line  close  to  the  outcrop.  Reports  and  maps. 
Pre-requisite:    15. 

28_Surveying  between  the  Second  and  Third  Years.    Field  work 

and  office  work.    3  weeks.    Professor  Lovell,  Mr.  Foote  and  Assistants. 

Railroad    surveying-Reconnaissance-Prelimary    survey— Location- 

Cross-sectioning— Computation— Economic  comparisons  from  con- 
struction and  operating  standpoints-A  complete  survey  for  the  loca- 
tion of  a  line  two  to  five  miles  long  is  made,  with  all  the  attendant 
computations  requisite  for  placing  the  work  under  contract  Maps, 
Xns  profiles,  calculations  of  earthworks,  estimates  and  specifications. 
Daily  conferences  with  instructor   in  charge  of  party. 

Pre-requisite:    23,  27. 

51-52— Theory  of  Railroad  Surveying.  2  hours  and  1  afternoon, 
first  term,  and  3  hours  and  1  afternoon  problem  work.  Professor 
Lovell  and  Mr.  Foote. 

Simple,  compound,  and  reversed  curves-Transition  curves-Switch 
work-lCross-section  work-Earthwork  r^T^flZL  P  0" 
work-  cut  and  fill— Borrow—Waste  and  overhaul-Office  work,  Pro- 
file with  mass  curve  showing  proper  distribution  of  excavation  Lec- 
tures and  practical  problems.  Reference  books:  Searle  s  Field  En- 
gineering and  Crandall's  Transition  Curve  and  Earthwork. 

Pre-requisite:    15. 

53-54-Elasticity  and  Resistance  of  the  Materials  of  Engineering 

5  hours  lectures  and  recitations  first  half.  6  hours  first  half-year  of 
problem,  design  and  laboratory  work;  3  hours  second  half.  Professors 
Burr  and  Williams,  Mr.  MacGregor  and  Mr.  

Laws  of  elasticity  in  homogeneous  ^A^^^^t  of  elas- 
ticity—Relations between  stresses  and  strains— Common  and  exact 
theories  of  torsion  and  flexure-Elastic  1  mits,  working f  stress^  and 
ultimate  resistances  of  wrought  iron,  cast  iron,  steel,  alloys,  timbers, 
builXng-stones?  cement,   concrete,    and   masonry-Reinforced   concrete 
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construction— Complete  treatment  of  simple  and  continuous  beams— 
The  design  and  construction  of  iron,  steel,  and  timber  columns  and 
beams,  including  the  design  and  construction  of  plate  girders— Shafts- 
Cables— Fatigue  of  materials— Specifications— Testing  Laboratory— 
Discussion  of  properties  of  structural  materials  as  shown  by  results  of 
testing,  by  tension,  compression,  bending,  and  torsion— Report  of  tests. 
Reference  and  text-book:  Burr's  Elasticity  and  Resistance  of  Mate- 
rials. 

Pre-requisite:    Mechanics  102. 

55— Standard  Methods  of  Water  Analysis.  2  afternoons.  Pro- 
fessor Black. 

Physical  and  biological. 

Pre-requisite:    Zoology  7,  Bacteriology  101,  Civil  Engineering  59. 

57a— Statistics  and  Interpretation  of  Water  Analyses.  A  course 
of  20  lectures.    Mr.  G.  C.  Whipple. 

Collection,  preparation  and  interpretation  of  vital  statistics,  for  the 
identification  of  the  sanitary  condition  of  particular  States,  cities,  or 
communities  as  affected  by  water  and  milk  supplies,  sewerage  systems, 
industrial  and  economic  conditions.  Interpretation  of  complete  water 
analyses. 

57b— Drainage  of  Marshes  and  Lowlands.  A  course  of  10  lectures. 
Professor  Black. 

Mosquitoes,  habits,  breeding,  methods  of  extermination.  Malaria, 
yeliow    fever. 

P?e-requisites  for  courses  57a  and  57fc  are  Zoology  7,  Bacteriology  101,  and 
Civil  Engineering  59. 

58— Masonry  Structures.  Lectures  3  hours  with  frequent  confer- 
ences and  continuous  work  in  design.  Cement  and  mortar  testing  in 
the  cement-testing  laboratory  are  required  of  all  students.  Professor 
Williams. 

Pressure  and  abutting  power  of  earth— Design  and  construction  of 
retaining  walls— Stability  of  masonry  structures  in  general— Stability 
of  towers  and  chimneys  under  wind  pressure— Theory  and  design  of 
arches  with  vertical  and  inclined  loads— Theory  and  design  of  reser- 
voir walls,  earth  and  high  masonry  dams— Theory  and  Design  of 
masonry  domes— Cement,  concrete,  and  masonry.  Reference  books: 
Lain  s  Retaining  Walls  and  Baker's  Masonry  and  Foundations. 

Pre-requisite:     Mechanics  101-102,  Mineralogy  5. 

59— Sanitary  Engineering.  2  hours  lectures  and  2  afternoons  in 
January  in  Bacteriological  Laboratory.     Professor  Black. 

Treatment  and  disposal  of  sewage  and  refuse  of  manufacturing— 
Sedimentation  by  gravity  and  by  chemical  precipitation— Treatment  of 
effluent  by  continuous  and  intermittent  sand  filtration— Septic  tanks— 
Lontact  beds— Percolating  or  trickling  filters— Fertilization— Inter- 
mittent application  to  soil  with  under-drainage— Disposal  of  sludge- 
Plants  for  sewage  treatment— Theory  and  construction  of  sand  filters 
—Pollution  of  potable  water  and  its  purification  by  continuous  and 
intermittent  sand  filtration— Mechanical  filtration— Copper  sulphate 
ozone  and  other  treatments  for  special  waters— Design  of  sand  filter 
tor  water  purification.  Examinations  of  and  reports  on  typical  purifica- 
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tion  works.  Biology  and  Bacteriology  of  drinking  water.  Text-books : 
Filtration  of  Public  Water  Supplies,  Hazen;  Purification  of  Sewage, 
Barwise. 

Pre-requisite:     Chemistry    82. 

61— Analytical  Theory  of  Trusses.  2  hours  lectures,  with  frequent 
conferences  and  problems  in  computations  of  stresses  and  preparation 
of  stress  sheets.  1  afternoon  of  problem  and  design  work  in  the  draw- 
ing  academy.     Professor   Williams. 

The  truss  element— Simple  cantilever  and  non-continuous  trusses 
with  parallel  chords— Fixed  and  moving  loads— Through  and  deck 
spans— Positions  of  any  system  of  concentrated  moving  loads  for 
greatest  chord  and  web  stresses  when  chords  are  both  parallel  and 
non-parallel — Combination  of  moments  and  graphic  methods — Skew 
and  irregular  trusses — Applications  to  bridge  and  roof  trusses — Braced 
arches  and  arched  ribs.  Reference  and  text-book:  Burr  and  Falk's 
Metallic  Bridges. 

Pre-requisite:    Mechanics  101-102. 

62 — Graphic  Statics.  2  hours  lectures.  1  afternoon  of  problem 
and  design  work  in  the  drawing  academy.    Professor  Williams. 

For  students  in  Civil  Engineering— Equilibrium  polygon,  and  polyg- 
onal frames  for  all  systems  of  loads— Graphical  representations  of 
shears  and  moments  for  both  non-continuous  and  continuous  beams- 
Fixed  and  moving  loads— Lines  of  influence— Applications  to  bridge 
and  roof  trusses.  Reference  and  text-book:  Burr  and  Falk's  Influence 
Lines. 

Pre-requisite:     Mechanics  101-102. 

64_Graphic  Statics.     1  hour  and  1  afternoon  for  mining  engineers 
and  metallurgist.     Professor  Williams. 
An  abridged  course,  covering  the  subjects  taken  in   Course   62. 
Pre-requisite:    Mechanics  101-102. 

71— Surveying  between  the  Third  and  Fourth  Years.  Field  work 
and  office  work.    4  weeks.    Professor  Lovell,  Mr.  Foote  and  Assistants. 

Railroad  Surveying— Reconnaissance— Prelimary  survey— Location 
—Cross-sectioning— Computations— Economic  comparisons  from  con- 
struction and  operation  standpoints— A  complete  survey  for  the  loca- 
tion of  a  line  two  to  five  miles  long  is  made,  with  all  the  attendant  com- 
putations requisite  for  placing  the  work  under  contract.  Maps,  plans, 
profiles,  earthwork  quantities,  estimates  and  specifications.  Daily  con- 
ferences with  instructor  in  charge  of  party. 
Pre-requisite:    51-52  and  25. 

75— Hydraulics.  4  hours  lectures,  with  conferences  and  problems. 
Professor  Black. 

Flow  of  water  through  orifices— Time  required  for  discharge  of 
canal  locks  and  similar  volumes— Weir  discharge  and  gauging  by  weirs 
—Gauging  of  water  for  systems  of  irrigation— Flow  through  and  dis- 
charge of  pipes— Design  of  pipe  systems  for  city  waterworks— 1  he 
Venturi  meter— Flow  in  and  discharge  of  open  canals  and  rivers- 
Gauging  of  streams  by  current  meters,  floats  and  other  means— Back- 
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water— Flow    of    compressible    fluids.      Text-book:    Merriman's    Hy- 
draulics. 

Pre  requisite:     Mechanies  102,  Math.  5. 

76 — Hydraulics.    2  hours  lectures  and  recitation.     Professor  Black. 
For  students  in  Mining  Engineering— Course  75  abridged. 

Pre-requisite:    Mechanics  102,  Math.  5. 

77 — Hydraulics.    2  hours  lectures.     Professor  Black. 

For  students  in  Electrical  Engineering — Similar  to  course  75,  but 
shorter.  In  addition  it  deals  with  the  general  considerations  of  rainfall, 
evaporation,  percolation,  run-off,  net  yield  and  storage;  conduction  of 
water  from  source  to  power-house,  hydraulic  losses  and  effective  head 
on  wheel;  estimation  of  power.  Text-book:  Merriman's  Hydraulics. 
Reference  book:  Turneaure  and  Russell's  Public  Water  Supplies. 

78 — Hydraulics.     2  hours.     Professor  Black. 

For  students  in  Mechanical  Engineering — Same  as  76. 

85 — Foundations.  2  hours  lectures,  with  frequent  conferences  and 
continuous  work  in  design.  1  afternoon  of  problem  and  design  work 
in  the  drawing  academy.     Professor  Burr. 

Earth  foundations — Foundations  for  buildings — Safe  loads  on 
masonry  and  foundation  beds— Pile  driving  and  pile  foundations- 
Safe  loads  for  piles — Protection  and  preservation  of  piles  and  timber 
—Sheet  piling  and  coffer-dam  methods— Pneumatic  foundations  and 
caisson  work— Open  dredging— Bridge  piers  of  masonry  and  cylinders 
—piers  for  deep  foundations — Methods  of  working  in  quicksands — 
Tunneling.  Reference  books:  Patton's  Foundations  and  Baker's 
Masonry  and  Foundations. 

Pre-requisite:    57-58,  Geology  18. 

87-88— The  Design  and  Construction  of  Bridges,  Roofs,  and 
Buildings.  2  hours  lectures  and  recitations,  with  frequent  conferences 
and  continuous  work  in  design.  1  afternoon  of  problem  and  design 
work  in  the  drawing  academy.     Professors   Burr  and   Williams. 

Railway  and  highway  bridges — Pin  and  riveted  connections — Single 
and  multiple  system  of  bracing — The  design  of  details  for  bridges, 
roofs,  and  buildings— Floors  for  railway  and  highway  bridges— The 
design  and  operation  of  draw-bridges,  including  engines,  locking,  lift- 
ing, and  turning  machinery— Cantilever  structures— Wind  roads  and 
stresses— Single  and  double-track  viaducts  or  trestles  in  iron,  steel,  and 
timber — Lateral  and  transverse  systems  of  bracing— The  design  and 
construction  of  elevated  railroads — The  complete  designs  of  railway 
structures,  with  estimates  of  cost— The  erection  of  iron,  steel,  and  tim- 
ber structures,  including  the  cost  of  erection.  First  half-year  only  for 
sanitary  engineers.  Reference  and  text-books:  Burr  and  Falk's  In- 
fluence Lines;  Burr  and  Falk's  Metallic  Bridges. 
Pre-requisite:    53-54,  61-62. 

89-90—  Railroad  Engineering.  3  lectures.  5  hours  of  problem  and 
design  work  in  the  drawing  academy.    Professor  Lovell  and  Mr.  Foote. 

Location,  construction  and  operation — Train  resistance,  sources  and 
probable  value— Curvature  and  grades,  their  relation  to  velocity  and 
maximum   train-load— Effect   of   momentum — Reduction    of  grades    at 
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starting  points— Balance  of  grades  for  unequal  traffic— Study  of  annual 
reports— Analysis  of  operating  expenses— Cost  of  operating,  including 
maintenance,  per  train  mile— Itemized  statements  of  costs  and  percent- 
age to  total  cost — Cost  of  extra  distance,  curvature,  rise  and  fall,  or  of 
additional  trains— Effect  of  roadbed  on  cost  of  running  trains— Justi- 
fiable expenditure  in  construction  to  save  one  mile  of  distance,  one  de- 
gree of  curvature,  one  foot  of  rise  and  fall,  or  to  reduce  ruling  grade 
.1%  per  daily  train  per  year— Pusher  grade  for  one  or  more  assistant 
engines— Economical  use  of  pusher  grades— Cost  of  excessive  or  limit- 
ing curvature— Value  of  additional  traffic— Principles  to  follow  in  lo- 
cating new  lines — General  policy  of  improvements  in  old  lines — Princi- 
ples in  design  and  construction  of  railroad  yards  and  terminals— Com- 
putations and  detail  drawings  of  turnouts,  slip  switches  and  ladder 
tracks— Development  and  present  practice  in  block  signalling  and  in- 
terlocking, with  problems  in  design  and  estimates  of  cost  of  installa- 
tion—Classification and  cost  of  earthwork— Graduation,  cross  section 
in  excavation  and  embankment,  and  protection  of  slopes — Ordinary  and 
extraordinary  methods  of  drainage— Water  supply,  its  quality,  storage, 
and  delivery — Principles  of  construction  of  wooden  trestles  and 
masonry  culverts,  including  preparation  of  standard  plans  and  esti- 
mates of  cost— Ballast— Track,  track  accessories  and  maintenance  of 
way  details— Organization— Management.  Reference  books:  Welling- 
ton's Railway  Location— Elements  of  Railroad  Engineering,  Raymond— 
American  Railway  Transportation,  Johnson— The  Block  System,  Adams 
— Camp's  Notes  on  Track — Dewsnap's  Railway  Organisation  and 
Working. 

Pre-requisite:    71. 

94— The  Design  and  Construction  of  Sewers,  and  River  and 
Harbor  Improvements.  2  hours  lectures,  recitations,  problem  and 
design  work.     Professor  Black. 

Sewerage  and  surface  drainage  of  cities  and  towns— Separate  and 
combined  systems  of  sewers— Capacities  of  mains  and  branches— Catch 
basins— Manholes— Chimneys  or  ventilators— Flush  tanks— Outfalls- 
Grades— Flow  or  discharge  of  sewers— Construction.  River  and  Har- 
bor Improvements— Jetty  system  of  river  improvements— Scouring  ac- 
tion of  currents— Erosion  of  river  banks— Dams  for  improvement  of 
river  navigation— Breakwaters— Dykes— Groins— Mattress  work- 
Docks— Harbor  works— Iron  piers— Estimates  of  cost.  Text  and  ref- 
erence books:  Separate  System  of  Sewerage,  Staley  and  Pierson — 
Sewer  Design,  Ogden— Flow  of  Water  in  Open  Channels,  Pipes,  etc., 
Flynn. 

Pre-requisite:    26,  59,  75. 

95— Engineering  Contracts  and  Specifications.     Mr.  Church. 

An  elementary  course  dealing  with  the  more  common  rules^  govern- 
ing the  formation,  interpretation  and  discharge  of  engineering  con- 
tracts, and  the  rights,  liabilities  and  remedies  of  the  parties  thereto; 
including  the  preparation  and  criticism  of  specifications. 

96— Principles  of  Hygiene,  Sanitary  Science  and  Public  Health. 
3  hours. 

Health  and  disease;  the  germ  theory  of  disease;  dust  and  its  dan- 
gers; infection  and  contagion;  drinking  water,  ice,  milk,  vegetables, 
shell-fish,  etc.,  as  vehicles  of  disease;  flies,  fleas  and  other  disease  car- 
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hits;    general    problems    of    public    health    and    sanitation.      Personal 
hygiene. 

Pre- requisite:    Civil  Engineering  57a  and  57b. 

98 — Water-Supply  and  Irrigation  Engineering.  2  hours  lectures, 
recitations,  problem  and  design  work.     Professor  Black. 

Rainfall  and  storage— Flow  of  streams— influence  of  soils,  elevation, 
geological  character  of  water-shed— Methods  of  supply,  gravitation, 
pumping  from  rivers  or  natural  underground  storage,  flow  from  the 
latter,  underground  flow,  wells — Reservoir  construction — Distributing 
system.  House  supply  and  wastage.  Irrigation  of  land— Amounts  and 
periods  of  application— Construction  of,  and  flow  through,  diversion 
and  distributing  canals.  Text-book:  Public  Water  Supplies,  Turneaure 
&  Russell. 

Pre-requisite:    26,  59,  75. 

99-100— Graduation  Thesis.  A  project  or  thesis  on  some  civil 
engineering  subject,  approved  by  the  head  of  the  department,  is  re- 
quired of  every  candidate  for  the  degree  of  Civil  Engineer. 


Advanced   Courses 

The  minor  subjects  in  the  department  of  Civil  Engineering  for  the 
University  degrees  of  Master  of  Arts  and  Doctor  of  Philosophy  (those 
courses  which  fulfill  the  residence  requirements)   are  the  following: 

153-154— Elasticity   and    Resistance    of   Minerals. 

257-258— Elastic  and  Masonry  Arches.  Open  to  those  who  have 
taken  57-58.     Conferences,  reading  and  design  work,  as   required. 

275-276— Hydraulics    (75    with    additional    reading). 

285-286— Foundations,  including  theory  of  earth  pressure  (85  with 
additional  reading). 

287-288— Long  Span  Bridges.  Open  to  those  who  have  taken  Civil 
Engineering  87-88.  Conferences,  with  reading  and  design  work  as 
required. 

The  major  subjects  for  the  same  University  degrees  are  the  follow- 
ing: 

259-260— Sanitary  Engineering.     Pre-requisite  :  Courses  59,  94,  gS. 

277-278— Hydraulic  Engineering,  including  the  hydraulics  of  rivers 
and  power  plants  and  municipal  water-works. 

279-280— Municipal  Engineering,  including  water-works,  sewers  and 
sewage  works,  streets  and  other  public  works  and  their  administration. 

289-290— The  Engineering  of  Structures,  including  long  span 
bridges  and  deep  foundations,  with  methods  of  building  them,  and  ad- 
vanced work  in  Elasticity  and  Resistance  of  materials. 
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DRAFTING 

!_2 — Drafting,  i  hour  lecture  and  14  hours  drafting  for  one  half- 
year.     Professor  Mayer,  Mr.  Miller,  Mr.  Harrington,  and  Mr.  Beans. 

(a)— Elements  of  mechanical  drafting— Use  of  instruments;  plane 
problems;    freehand  lettering;   dimensioning; 

(b) — Projections — Orthographic  projection;  intersections^  develop- 
ments; problems  in  descriptive  geometry;  isometric  projection;  cab- 
inet projection; 

(c) — Machine  drafting — Conventional  signs  for  materials  of  con- 
struction; sketching  of  machine  details.  Working  drawings;  tracings; 
blue  printing; 

(d) — Topography — Conventional    signs;    hill    shading;    mapping. 

3-4— Descriptive  Geometry.  3  hours  for  one  half-year.  Professor 
Mayer,  Mr.  Miller,  and  Mr.  Harrington. 

Problems  on  point,  line,  and  plane;  classification  of  surfaces;  tan- 
gent planes  to  single  curved  surfaces  and  surfaces  of  revolutions;  in- 
teresections ;  developments ;  warped  surfaces. 

5-6— Drafting.  6  hours  drafting  for  one  half-year.  Professor  Mayer 
and  Mr.  Miller. 

(a) — Graphics — Shades  and  shadows;  perspective; 
(b) — Stone  cutting — Buttress;   wing-wall;  arches. 

Pre-requisite:    Drafting  1-2,  3-4. 

7_8 — Drafting.  6  hours  drafting  for  one  half-year.  Professor 
Mayer,  Mr.  Miller  and  Mr.  Harrington. 

(a)— Structural  drafting— Standard  rolled  sections;  conventional 
riveting  signs;  standard  connections;  methods  of  framing  and  detailing 
structural  work;  beams;  columns;  plate  girder;  roof  trusses;  bridge 
details; 

(b) — Machine  drafting — Working  drawings;  tracing  and  blue  prints 
of  machine  details;  boiler  and  engine-room  layouts,  etc. 
Pre-requisite:    Drafting  1-2,  3-4. 

Equipment 

The  drafting  rooms  and  offices,  situated  on  the  fourth  floor  of  the 
Engineering  building,  are  equipped  with  a  standard  form  of  drafting 
table,  and  have  a  seating  capacity  for  175  students. 

The  collections  of  the  department  contain  a  complete  set  of  models 
illustrating  problems  in  projections  and  descriptive  geometry,  as  well 
as  the  usual  charts,  blue  prints,  and  models  for  use  in  the  lecture  and 
drafting  rooms.  A  special  feature  of  the  collection  is  a  full  set  of 
Olivier  models  illustrating  the  warped  surfaces  and  problems  in  inter- 
sections and  tangencies. 

ECONOMICS 

Economics  2.  3  hours  a  week  during  the  second  term.  Professor 
Seager  and  Dr.  Agger. 

Introduction  to  Economics.  Lectures,  reading  and  text-book  dis- 
cussion. In  this  course  the  fundamental  principles  of  economics  will 
be   studied   with    particular   reference   to   their   application   to   current 
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economic  and  social  problems  in  the  United  Slates,  and  with  special 
regard  to  the  needs  of  students  in  engineering.  Third-year  students 
in    Electrical  and   fourth-year  students  in   Mechanical   Engineering. 

ELECTRICAL  ENGINEERING 

1. — Elements  of  Electrical  Engineering.  2  hours  per  week.  Pro- 
fessors Arendt  and  Morecroft. 

General  Principles  of  Electricity  and  Magnetism  with  examples  of 
their  application. 

Static  Electricity — Production,  indications  of  presence,  electro- 
scope and  electrometer,  law  of  inverse  squares,  conductors,  electrifica- 
tion by  contact  and  by  electrostatic  induction,  Leyden  jars  and  con- 
densers. 

Magnetism — Occurrence  in  nature,  laws  of  magnetic  force,  making 
of  permanent  magnets,  terrestrial  magnetism,  etc. 

Electrical  Currents — Work  of  Galvani  and  Volta,  production  of 
currents,  electrical  couples  and  polarity,  primary  batteries,  resistance 
and  conductance,  laws  of  resistance,  Ohm's  law,  international  units  of 
resistance,  voltage  and  current,  development  of  heat  by  currents, 
Joule's  law,  international  units  of  power  and  energy,  incandescent 
lamps,  hot  wire  'instruments  and  the  electric  arc. 

Electromagnetism — Oersted's  discoveries,  magnetic  effects  of  elec- 
trical currents,  galvanometers,  dynamometers,  voltmeters,  ammeters, 
wattmeters.  Faraday's  discoveries,  electromagnetic  induction,  its  laws 
and  applications,  direct  and  alternating  currents,  self  and  mutual  in- 
duction, unit  of  inductance,  electromagnetic  terms,  electrodynamic  ac- 
tions, magneto-motive-force,  electromagnetic  and  international  units, 
index  notation,  flux  density,  permeability,  magnetic  and  non-magnetic 
materials,  magnetization  curves,  hysteresis,  eddy  currents,  residual 
magnetism,  magnetic  polarity  and  circulation  of  currents,  electromag- 
nets and  polarized  mechanisms. 

Electrostatics — Potential,  electrostatic  voltmeters,  di-electric  ca- 
pacity, condensers,  discharge  phenomena  and  atmospheric  electricity. 

Electro-chemistry — Conductivity  of  liquids,  electrolysis,  laws  of 
chemical  action,  electro-metallurgy  and  storage  batteries.  Text-book: 
Thompson's  Elementary  Lessons  in  Electricity  and  Magnetism. 

Pre-requisite:    Physics  3-4. 

2 — Elements  of  the  Dynamo.  2  hours  per  week.  Professors  A'rendt 
and  Morecroft. 

A  general  consideration  of  the  principles  and  parts  of  Dynamo  Elec- 
tric Machinery.  History,  definition  of  dynamo  and  motor,  reversibility 
of  functions,  magnetic  field,  magneto-motive-force,  hysteresis,  ele- 
mentary dynamo,  generation  of  E.M.F.,  collector  rings  and  commuta- 
tor. Parts  of  the  dynamo ;  the  magnetic  circuit,  materials  and  func- 
tion. The  armature  core :  materials,  eddy  currents,  forms,  construc- 
tion. The  armature  winding:  material,  function,  multiplication  of 
ejectro-motive-force,  types.  The  commutator :  materials  and  construc- 
tion. Brushes:  function,  materials  and  supports.  Field  frame:  mate- 
rials, forms,  development  of  magnetic  flux,  windings,  magnetic  leakage. 
Armature  reaction :  cause  of,  back  and  cross  ampere  turns,  brush  shift- 
ing, sparking  at  brushes  and  remedies.  Action  of  different  types  of 
dynamos,  and  typical  forms.  Text-book:  Crocker's  Electric  Lighting, 
Vol.  I. 

Pre-requisite:    Physics  3-4,  E.  E.  1. 
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4 — Electric  Distribution.    2  hours.   Professors  Slichter  and  Arendt. 

For  E.M.,  C.E.,  and  Met.E.  students.  Principles  and  Methods  of 
transmitting,  distributing  and  controlling  direct  currents.  Introductory, 
direct  current  series  and  parallel  systems,  feeders  and  mains,  voltage 
regulation,  networks,  high  voltage  d.c.  systems. 

Principles  of  alternating  currents,  self  and  mutual  inductance,  capacity, 
impedance,   effective   values   of   current  and   voltage,   phase   angle   and 
power  factor.     Text-book :  Crocker's  Electric  Lighting,  Vol.  II. 
Pre-requisite:    E.  E.  1  and  2. 

52 — Design  of  Direct-Current  Machinery.  2  hours  lecture  and  1 
afternoon  drafting  room.    Professors  Slichter  and  Arendt. 

Application  of  electrical  and  mechanical  theory  to  the  design  and 
calculation  of  D.  C.  machinery  with  a  complete  and  original  design  of  a 
dynamo  or  motor  in  accordance  with  specifications,  requiring  all  cal- 
culations, working  drawings  and  blue  prints.  Text-book:  Thompson's 
Design  of  Dynamos. 

Prerequisite:    E.  E.  1,  2,  and  101. 

54 — Design  of  Alternating-Current  Machinery.  2  hours  and  1  after- 
noon per  week.    Professors  Slichter  and  Arendt. 

The  application  of  alternating  current  theory  and  practical  data  to 
the  calculation  and  design  of  alternators,  transformers,  induction 
motors  and  other  alternating  current  apparatus.  Reference  books: 
Arnold's  Wechsclstromtechnik;  Thompson's  Dynamo  Electric  Ma- 
chinery, Vol.   II,  and  McAllister's  Alternating  Current  Motors. 

Pre-requisite:     E.    E.    52,    103   and    105,    Mechanics    108    and    109.      Parallel 
course:    Mechanics  110. 

72 — Direct-Current  Laboratory.  1  afternoon  laboratory  work. 
Professor  Morecroft  and  Mr.  Hehre. 

Short  Course  for  students  in  Mining,  Metallurgical,  Civil,  Chemical 
Engineering  and  Chemistry.  The  experiments  cover  the  following: 
Fall  of  Potential,  Resistance  determinations,  Study  of  various  types  of 
D.  C.  generators,  their  connections  and  characteristics  of  operation. 
Working  of  generators  in  parallel.  Study  of  various  types  of  motors, 
their  connections,  characteristics  of  operation  and  determination  of 
commercial  efficiency  by  brake  tests.  The  results  of  these  experiments 
are  handed  in  as  reports  which  are  returned  promptly  to  the  students, 
with  comments  and  corrections.  Text-book:  Sever's  Electrical  En- 
gineering Experiments,  etc. 

Prerequisite:   E.  E.  1  and  2. 

73 — Direct-Current  Laboratory  Work.  1  afternoon  per  week. 
Professor  Morecroft  and  Mr.  Hehre. 

Short  course  for  students  in  Mechanical  Engineering.     Same  as  72. 
Pre-requisite  :   E.  E.  1  and  2  with  parallel  course  E.  E.  101. 

75 — Alternating-Current  Laboratory.  1  hour  lecture  and  1  after- 
noon laboratory  practice.     Professor  Morecroft  and  Assistants. 

Short  course  for  Mining  and  Mechanical  Engineering  students.  The 
experiments  cover  the  following:  Study  of  Elementary  phenomena  of 
alternating  current  circuits,  with  determination  of  inductance,  capac- 
ity,  impedance,  true   watts,  apparent  watts  and  power  factor.     Study 
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of  an  Alternator,  its  operation,  characteristic  curves  and  wave  form. 
Transformers:  Their  operation  and  commercial  efficiency.  Induction 
motors:  Characteristics  and  efficiency  by  brake  tests.  Synchronous 
motors,  their  operation  under  various  conditions  and  characteristic 
curves.  Rotary  converters,  operation  under  various  conditions  of 
load  and  power  factor  (direct  and  inverted).  Alternators  in  parallel, 
division  of  load  and  conditions  for  maximum  economy.  The  student 
is  required  to  prepare  a  report  upon  each  experiment  which  is  promptly 
corrected  and  returned  to  him  for  his  instruction.  Text-book:  Town- 
send's  Short  Course  in  Alternating  Current  Testing. 
Pre-requisite:   E.  E.  72  or  73  and  4  or  104. 

76— Alternating-Current  Laboratory.  1  hour  lecture  and  1  after- 
noon per  week.     Professor  Morecroft  and  Assistants. 

Short  course  for  Civil  Engineers.     Same  as  75. 
Pre-requisite:   E.  E.  72  or  73  and  4. 

98 — Thesis.  Original  investigation  of  and  report  on  some  problem 
of  Electrical  Engineering,  approved  of  by  the  head  of  the  department. 
Optional. 

101— Dynamo  and  Motor  Practice.    2  hours.     Professor  Slichter. 

A  course  of  lectures  parallel  to  and  descriptive  of  D.  C.  laboratory 
work.  Short  circuits  and  protective  devices.  Instruments:  construc- 
tion and  use.  Armature:  e.  m.  f.  current,  resistance  of,  voltage  drop 
in,  windings  and  connections.  Commutator:  function,  construction, 
heating,  sparking,  collecting  brushes  and  holders.  Magnetic  circuit: 
calculation  of  flux  and  field  windings.  Heating  of  field  and  armature. 
Characteristics  of  the  various  types  of  generators  and  methods  of  reg- 
ulation. Motors,  theory  of  action  and  types.  Methods  of  control  and 
speed  regulation.  Losses  and  determination  of  efficiency  by  brake, 
stray  power  and  pumping  back  methods.  Text-books :  Crocker's  Elec- 
tric Lighting,  Vol.  I,  and  Sever-Townsend's  Laboratory  and  Factory 
Tests  in  Electrical  Engineering. 
Pre-requisite:    E.  E.  1  and  2. 

103— Electric  Power.     3  hours.     Professors  Slichter  and  Arendt. 

(For  E.  E.)  Electric  motors,  their  action,  control  and  application. 
Introductory.  Classification  of  work  requirements.  Shunt  Motors: 
Characteristics,  predetermination  of  action,  and  efficiency,  methods  of 
speed  control  and  regulation,  rheostatic,  field  weakening,  multiple  volt- 
age, double  armature  and  teaser  system.  Series  Motors:  Connections, 
predetermination  of  characteristics  and  efficiency,  control:  rheostatic, 
field  weakening,  double  armature  and  series  parallel.  Compound  motor, 
characteristics  and  methods  of  control.  Alternating  current  motors 
introductory.  Commutator  A.  C.  motors,  series  and  repulsion  types, 
characteristics  and  control.  Synchronous  Motors,  characteristics  and 
control.  Induction  Motors,  single  and  polyphase,  characteristics,  meth- 
ods of  starting,  speed  control  and  regulation.  Electric  Drive,  advan- 
tages of  and  application  to  machine  tools,  cranes,  elevators,  presses, 
pumps,  fans,  wood  working  and  mill  work.  Text-book  and  Electric 
Motors  by  Crocker  and  Arendt. 

Pre-requisite:     E.  E.  101,  104,  173  and  174. 

103A— Electric  Power.    2  hours.    Professors  Slichter  and  Arendt. 
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Electric  Motors,  their  action,  control  and  application.     103  abridged 
for   Mechanical  Engineering  Students. 
Pre-requisite:    E.  E.  101,  104  and  73. 

104— Electric  Distribution.  3  hours.  Professors  Slichter  and 
Arendt. 

Principles  and  methods  of  transmitting,  distributing  and  controlling 
direct  and  alternating  currents.  Introductory,  Physical  properties  of 
conductors,  direct-current  series  and  parallel  systems  of  distribution, 
feeders  and  mains,  voltage  regulation,  three-wire  systems,  high  voltage 
direct-current  systems,  network  systems. 

Principles  of  alternating  currents,  study  of  wave  shapes,  inductance, 
capacity,  phase  angle,  effective  values  of  electromotive  force  and  cur- 
rent, power  factor,  resonance,  simple  circuits,  parallel  circuits,  line  in- 
ductance and  distributed  capacity,  calculation  of  single  phase  circuits. 
Text-book:  Crocker's  Electric  Lighting,  Vol.  II. 
Pre-requisite:    E.  E.  1,  2,  and  101. 

105— Electric  Plants.  2  hours.  Professors  Slichter,  Arendt  and 
special  lecturers. 

Electric  power  systems,  including  translating,  controlling  and  trans- 
mitting equipments.  Constant  potential  and  constant  current  trans- 
formers, principles,  efficiency,  regulation  and  protection.  Polyphase 
systems  of  generation,  two  phase  and  three  phase,  economy  of  gen- 
erators, of  transmission,  and  conversion  from  one  system  to  another. 
Calculation  of  alternating  current  transmission  lines,  regulation  of 
voltage  and  power  factor  of  systems.  Switch-boards^  materials,  ap- 
paratus used  upon,  location  and  types.  Line  construction  and  protec- 
tion, pole  lines,  cable  and  conduit  systems.  Text-book:  Crocker's 
Electric  Lighting,  Vols.  I  and  II. 
Pre-requisite:   E.  E.  101  and  104. 

106— Management  of  Electric  Plants.  2  hours.  Professors  Slichter 
and  Arendt  and  special  lecturers. 

Management  of  electric  plants  and  industrial  enterprises.  Electric 
illumination,  methods  of  charging  for  electric  power,  operating  ex- 
penses, sources  of  income,  organization  and  administration  of  corpora- 
tions, reports,  specifications,  contracts,  insurance  regulations,  patents 
and  statistics. 

Pre-requisite:    E.  E.  103,  104  and  105. 

no— Telegraphy  and  Telephony.    2  hours.     Professor  Arendt. 

The  principal  methods  and  instruments  employed  in  telegraphy, 
telephony  and  electric  signalling.  Telegraphy:  Historical  review, 
Morse  systems,  relays  and  sounders,  earth  circuits,  station  equipments, 
repeaters,  differential  and  polarized  relays,  duplex  systems,  quadruplex 
systems,  telegraphy  from  moving  bodies,  recording  systems,  submarine 
cables  and  telegraph  circuits.  Wireless  telegraphy:  Generation  of 
electrical  waves,  simple  transmitting  and  receiving  apparatus.  Tele- 
phony: Historical  review,  Bell's  work,  the  magneto-telephone,  the 
microphone  and  carbon  transmitters,  use  of  induction  coils,  call  methods, 
series  and  parallel  circuits,  subscriber's  equipment,  line  disturbances, 
common  battery  systems,  subscriber's  and  exchange  equipment,  party 
lines,  automatic  systems,  combined  telegraphy  and  telephony.  Text- 
books: Maver's  American  Telegraph  Practice  and  Miller's  American 
Telephone  Practice. 

Prerequisite:    E.  E.  104. 
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112 — Electric  Railway.     2  hours.     Professor  Slichter. 

Special  instruction  in  calculation,  installation  and  operation  of  elec- 
tric railway  systems.  Historical  review  and  early  development.  Train 
resistances  due  to  tracks  and  bearing  surfaces,  curves,  grades,  and  air. 
Acceleration  and  breaking.  Speed  time  curves.  Motors  for  railway 
work.  Controllers.  Distribution  systems,  track  construction,  bonding 
and  electrolysis.  Trucks,  wheels  and  car  bodies.  Conduit,  storage  bat- 
tery and  third  rail  systems.  Electric  locomotives  and  multiple  unit  con- 
trol. Testing  railway  equipments.  Financial  considerations. 
Pre-requisite:    E.   E.  104. 

173-174 — Direct-Current  Laboratory.  6  hours  (2  afternoons).  Pro- 
fessor Morecroft  and  Mr.  Hehre. 

A  series  of  experiments  for  electrical  engineering  students  in  the 
operation  and  testing  of  direct  current  machinery.  The  work  comprises 
the  following :  1.  Practice  in  the  accurate  use  of  voltmeters  and  am- 
meters for  the  measurement  of  electromotive  force  and  current.  De- 
termination of  resistance  of  the  electrical  circuits  of  electrical  ma- 
chinery by  "drop,"  comparison  and  direct  deflection  methods.  Use  of 
Wheatstone  bridge  for  determination  of  high  resistance.  2.  Genera- 
tors: Preliminary  study  to  bring  out  relations  between,  speed,  field 
strength  and  voltage.  Operation  of  shunt,  series  and  compound-wound 
generators  with  determination  of  characteristic  action  of  each  type. 
Distribution  of  potential  around  commutator  and  distorting  effects  due 
to  armature  reactions.  Heat  runs  to  determine  load  capacity  and  effi- 
ciency determinations  by  means  of  stray  power  and  "pumping  back" 
tests.  3.  Motors:  Function  and  operation  of  starting  boxes,  study  of 
motors,  existence  and  measurement  of  c.e.m.f.,  operation  of  shunt, 
series,  compound  and  differentially  wound  motors,  determination  of 
speed-load  curves  of  each  type.  Efficiency  tests  by  brake  and  stray- 
power  methods.  4.  Operation  of  shunt  and  compound-wound  gener- 
ators in  parallel,  methods  of  connecting,  distribution  of  load,  effects  of 
individual  differences,  etc.  5.  Constant  Current  Dynamos :  Comparison 
of  characteristics  of  constant  potential  and  constant  current  circuits, 
methods  of  governing  constant  current  machines,  action  under  variable 
loads,  control  of  series  circuits,  regulation  of  arc  lamps.  Text-book: 
Sever  and  Townsend's  Factory  and  Laboratory  Tests  in  Electrical  En- 
gineering. 

Pre-requisite:   E.  E.  1  and  2.     Parallel  course:  E.  E.  101. 

I75"I76 — Alternating-Current  Laboratory.  1  lecture  hour  and 
6  hours  laboratory  practice  (one  whole  day)  first  term,  1  hour  lecture 
and  6  hours  laboratory  practice  (2  afternoons)  second  term.  Professors 
Pupin  and  Morecroft  with  Assistants. 

A  series  of  experiments  for  electrical  engineering  students  illustrat- 
ing the  fundamental  theory  and  applications  of  alternating  current 
phenomena.  1.  Alternating  current  circuits:  determination  of  induc- 
tance, capacity,  impedance,  phase  relations,  true  and  apparent  watts 
and  power  factor.  2.  Alternators:  operation  at  different  power  fac- 
tors, magnetization  curves,  determination  of  losses  and  synchronous 
impedance,  field  compounding,  etc.  3.  Synchronous  Motors:  Methods 
of  synchronizing,  efficiency,  action  under  varying  conditions  of  load 
and  field  current.  _  4  Rotary  converters :  Methods  of  starting,  opera- 
tion direct  and  inverted,  compounding,  determination  of  voltage 
ratios  and  calculation  of  efficiency.  5.  Alternators  in  Parallel :  division 
of  load,   cross   currents   and   adjustment  of  excitation  for   maximum 
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economy.  6.  Transformers:  operation,  determination  of  losses,  regu- 
lation, heating  and  efficiency.  Use  as  induction  regulators  and  phase 
changers.  7.  Wave  Forms :  determination  of  wave  shapes  and  phase 
relations  of  electromotive-force  and  current  in  relative  and  non-rela- 
tive circuits  as  well  as  in  the  primary  and  secondary  circuits  of  trans- 
formers by  instantaneous  contact  and  oscillograph  methods.  8.  Res- 
onance :  by  means  of  inductance  and  capacity  in  series,  by  inductance 
and  leading  current  produced  by  synchronous  motors,  with  application 
to  transmission  lines  and  rotary  converter  regulation.  9.  Induction 
Motors :  methods  of  starting,  characteristic  curves,  determination  of 
losses  and  efficiency  by  brake  tests,  application  of  circle  diagram  and 
use  as  frequency  changer.  10.  Induction  Generator :  operation  and  de- 
termination of  the  external  characteristic.  Text-book:  Sever  and 
Townsend's  Factory  and  Laboratory  Tests  in  Electrical  Engineering. 
Pre-requisite:  E.  E.  104  and  173-174.  Parallel  courses:  E.  E.  105  and  Mech. 
109. 

177— Instrument  Laboratory.  1  hour  lecture  and  2  afternoons 
laboratory  work.    Professor  Morecroft  and  assistant. 

Calibrating  of  commercial  measuring  instruments  and  advanced 
electrical  measurements,  as  follows:  1.  Calibration  of  ammeters  by 
comparison  with  laboratory  standards,  Kelvin  balances,  Siemens' 
dynamometers,  and  potentiometers.  2.  Calibration  of  voltmeters. 
3.  Calibration,  adjustment  and  determination  of  constants  of  A.  C.  and 
D.  C.  watt-hour  meters,  by  various  methods.  4.  Determination  of  re- 
sistances: by  Wheatstone  bridge  and  potentiometer  methods.  5.  Meas- 
urements of  Inductance  and  capacity.  a.  By  comparison  with. 
standards  using  A.  C.  bridge,  b.  By  absolute  method,  including  de- 
termination of  constants  of  ballistic  galvanometer.  6.  Magnetic  meas- 
urements. Determination  of  coefficient  of  magnetic  leakage  of  gen- 
erator or  motor.  Determination  of  the  permeability  of  samples  of  iron 
and  steel,  a.  By  Hopkinson's  method,  b.  By  Ewing  double  bridge 
method,  c.  A.  C.  voltmeter  method,  d.  Direct  reading  voltmeter 
method.  Determination  of  Hysteresis  by  Hopkinson,  Double  bridge, 
Voltmeter  and  Ewing  tester  methods.  7.  Storage  Battery  Testing. 
Determination  of  normal  rate  of  discharge,  capacity  and  efficiency  at 
normal  rates,  capacity  at  various  rates.  Constant  current  and  constant 
potential  methods  of  charging,  weight  efficiency  and  losses  on  standing. 
8.  Photometry,  a.  Proving  gas  meters  and  determination  of  candle 
power  of  gas  against  standard  candles,  b.  Candle  power  incandescent 
lamps  using  standard  candle,  c.  Distribution  of  light  from  an  incan- 
descent lamp,  using  secondary  standard,  d.  Determination  of  mean 
spherical  and  mean  hemispherical  candle  power  of  an  incandescent 
lamp.  e.  Relations  between  voltage,  candle  power,  efficiency  and  life 
of  incandescent  lamps.  Arc  lamp  photometry.  9.  Cable# Testing,  a.  To 
determine  insulation  resistance;  induction  and  capacity,  b.  To  de- 
termine location  of  faults.  Text-book:  Sever  and  Townsend's  Factory 
and  Laboratory  Tests  in  Electrical  Engineering. 
Pre-requisite:    E.  E.    173-174. 

Graduate  Courses 

101,  104  and  173-174— Dynamo  and  Motor  Practice,  Electrical 
Distribution  and  D.  C.  Electrical  Laboratory.  2  hours  and  5  hours 
laboratory. 

Pre-requiste:  E.  E.,  1  and  2. 
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I75"I76— Alternating-Current  Laboratory.  With  Mechanics  109 
and  no.  4  hours  first  half-year,  2  hours  second  half-year  and  2  after- 
noons. 

Prc-requisite:    E.  E.  104,  173-174,  and  Mechanics  108. 

103.  105,  106,  175-176  and  177— Electric  Motors,  Electric  Plants, 
Management  of  Plants,  and  Electrical  Laboratory.    8  hours  lecture, 
4  afternoons  first  term ;  3  hours  lecture,  2  afternoons  second  term. 
Pre-requisite:    E.  E.  104,  173-174. 

201-202— Special  Problems  and  Original  Investigations  in  Ad- 
vanced Electrical  Engineering,  with  conferences  and  laboratory  work 
as  required. 

Prerequisite:     All   courses   for    the  degree   of   Electrical   Engineer. 

Note— Attention  is  called  to  the  advanced  theoretical  courses  offered 
by  Professor  Pupin  in  the  Department  of  Mathematical  Physics.  (See 
statement  of  Department  of  Physics.) 


GEOLOGY 

4— Petrography.  2  afternoons  two  months  of  the  second  half  third 
year.     Professor  Berkey. 

A  short  course  in  the  microscopic  study  of  rocks. 
Pre-requisite :    Mineralogy  6. 

6 — General  Geology.  6  hours  lectures,  second  term,  second  year. 
Professors  Kemp  and  Berkey. 

First  two  months  physical  geology,  with  practical  work  in  the  rock 
collections  under  the  lithological  part  of  the  subject;  second  two 
months,  stratigraphical  and  historical  geology,  involving  laboratory 
work  with  type  fossils  and  collections  illustrating  the  geology  of  the 
United  States.  Text-books:  Kemp's  Hand-book  of  Rocks;  Scott's 
Introduction  to  Geology. 

Pre-requisite:    Mineralogy  1. 

16 — Index  Fossils.  1  hour  lectures,  8  hours  laboratory,  second  term. 
Professor  Grabau  and  Mr.  Hyde. 

A  study  of  the  invertebrate  fossils  characteristic  of  the  various  ge- 
ologic horizons  of   North  America. 

18 — General  Geology.    Professor  Berkey. 

A  general  discussion  of  dynamical,  structural  and  historical  geology, 
with  practical  work  in  the  rock  collections  and  assigned  field  work  on 
Saturdays  during  the  last  six  weeks.  Special  course  during  the  sec- 
ond  half-year   for   students  in   Civil    Engineering   only. 

19— Physiographic  and  Applied  Geology.  3  hours  lectures  and 
laboratory  by  appointment,  first  term.    Professor  Berkey. 

A  study  of  topographic  and  structural  features  and  their  representa- 
tion on  maps;  application  of  geologic  principles  to  engineering  enter- 
prises; water  supply;  illustrative  problems.  Open  to  students  who 
have  completed  a  course  in  general  geology. 
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20 — Rocks  and  Soils.  2  hours  lectures  and  recitations,  second  term. 
Professor  Berkey. 

A  study  of  the  residuary  products  from  rock  decay;  types  of  soils; 
soil  classification  and  mapping.  Open  to  students  who  have  completed 
a  course  in  general  geology. 

51.  2  lectures  per  week.     Professor  Grabau. 

Principles  of  the  formation  of  sedimentary  deposits,  involving  a  dis- 
cussion of  marine  and  continental  sedimentation,  the  criteria  by  which 
various  sediments  can  be  recognized,  methods  of  preservation  of  or- 
ganic remains,  and  the  principles  of  geographic  and  geologic  distribu- 
tion of  organisms.  Principles  of  correlation.  Text-book:  Grabau's 
Principles  of  Stratigraphy. 

52.  2  lectures  per  week,  second  term.  Professors  Grabau  and 
Berkey. 

A  discussion  of  secondary  structural  features;  principles  of  forma- 
tion of  folds,  faults,  etc.  Vulcanism,  metamorphism,  secondary  min- 
eralization. 

105-106— Economic  Geology.  3  hours  lectures  and  one  elective 
conference,  third  year.     Professor  Kemp. 

First  half-year,  discussion  of  the  general  features  and  formation  of 
ore  bodies,  followed  by  a  description  of  the  deposits  of  the  ores  of 
iron,  copper,  lead,  zinc,  silver,  gold,  and  the  lesser  metals,  with  espe- 
cial reference  to  North  America;  second  half-year,  a  description  of 
the  distribution  and  occurrences  of  coal,  petroleum,  natural  gas,  as- 
phalt, building-stone,  water  supply,  salines,  and  minor  minerals.  Text- 
book: Kemp's  Ore  Deposits  of  the  United  States  and  Canada,  and 
lecture  notes  privately  printed. 
Pre-requisite:    Geology  6. 

107-108— Invertebrate  Palaeontology.  2  hours  lecture  and  4  hours 
or  more  laboratory.     Professor  Grabau  and  Mr.  Hyde. 

First  part  of  the  course  deals  with  the  principles  of  palaeontology; 
methods  of  study  of  the  ontogeny  of  hard  parts  of  animals,  and  the 
laws  of  morphogenesis.  This  is  followed  by  a  consideration  of  the 
classes  of  invertebrates  important  from  a  palaeontologist's  point  of 
view,  emphasis  being  laid  on  the  features  which  show  genetic  rela- 
tionship. Special  attention  is  given  to  groups  whose  evolution  has  been 
worked  out.  Text-book:  Zittel-Eastman,  Text-book  of  Paleontology, 
Vol.  I. 

II0— Geological  Examinations  and  Surveys.  2  hours,  second  half 
fourth  year.     Professor  Kemp. 

A  discussion  of  the  methods  of  systematically  recording  and  in- 
terpreting geological  phenomena;  and  of  the  organization  and  scope 
of  geological  surveys  on  a  larger  scale.  This  is  followed  by  a  sketch 
of  the  history  and  results  of  state  and  national  geological  surveys^  in 
this  and  other  countries;  and  of  other  sources  of  detailed  information 
regarding  local  geology. 

Pre-requisite:    Geology  105-106. 

112— Field  Geology. 

A  summer  course  of  a  week  or  ten  days  near  New  York  for  stu- 
dents in  the  course  of  Mining  Engineering.     Graduate  students  in  the 
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department  may  join  the  party.  Instruction  is  given  in  the  field  in 
observing,  recording,  and  interpreting  geological  phenomena  and  in  the 
preparation  of  maps  and  sections.     A  written  report  is  required. 

201-202 — Petrology.    2  hours  lectures  and  4  hours  laboratory,  fourth 
year.     Professors  Kemp  and  Berkey. 

A  discussion  of  the  origin,  microscopic  structure,  and  mineralogical 
composition  of  the  crystalline  rocks,  and  of  metamorphism. 
Pre-requisite:    Mineralogy  6. 


LAW 

Law  2 — Business  Law.  3  hours  per  week  in  the  second  term.  Dean 
Kirchwey  and  Mr.  Parks. 

A  discussion  of  the  elementary  rules  of  law  governing  business 
transactions,  including  real  property,  contracts,  agency,  commercial 
paper,  sales,  suretyship,  bailments,  torts,  partnership,  corporations. 
The  rules  of  law  are  developed  and  illustrated  by  examples  taken  from 
the  reports,  and  dealing  with  situations  such  as  engineers  have  in  fact 
met  and  are  apt  to  meet  in  the  practice  of  their  profession. 


MATHEMATICS 

1— Algebra.  Professors  Mitchell,  Fite,  and  Hawkes,  Dr.  Grove, 
Mr.  Maxson,  Mr.  Reddick  and  Dr.  Lennes. 

Includes  such  topics  as  determinants,  complex  numbers,  the  theory 
of  equations,  undetermined  coefficients  involving  the  use  of  finite  series, 
and  partial  fractions. 

Section  1,  T.,  and  Th.  at  9. 

Section  2,  T.,  and  Th.  at  10. 

Pre-requisite:    Entrance  Mathematics. 

2 — Differential  Calculus.  Professors  Mitchell,  Hawkes,  and  Fite, 
Dr.  Grove,  Mr.  Maxson,  Mr.  Siceloff,  Mr.  Reddick,  and  Dr.  Lennes. 

An  introduction  constituting  with  65  (see  below)  one  course  in  the 
calculus.  (  Differentiation  of  algebraic  and  transcendental  functions, 
with  applications  to  geometry,  maxima  and  minima  and  mechanics. 

Section  1,  T.,  and  Th.  at  9. 

Section  2,  T.,  and  Th.  at  10. 

Pre-requisite:    1  and  3. 

3-4 — Analytical  Geometry.  Professors  Mitchell,  Fite,  and 
Hawkes,  Dr.  Grove,  Mr.  Maxson,  Mr.  Siceloff,  Mr.  Reddick,  and 
Dr.  Lennes. 

Introduction  to  algebraic  geometry,  dealing  with  such  topics  as  co- 
ordinate systems,  transformations,  loci  and  their  equations,  the  straight 
line,  circle,  parabola,  ellipse,  hyperbola,  the  geometric  interpretation  of 
the  general  equation  of  second  degree,  and  the  elements  of  three-di- 
mensional  geometry.     First  year. 

Section   1,  M.  W.,  and  F.  at  9. 

Section  2.  M.  W.,  and  F.  at  10. 

Pre-requisite:    Entrance  Mathematics. 
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65— Differential  and  Integral  Calculus.  Professors  Keyser,  Fiske, 
Mitchell,  Fite,  and  Hawkes,  Dr.  Grove,  and  Mr.  Reddick. 

Continuation  of  2.  Further  study  of  the  differential  calculus;  the 
principles  of  the  integral  calculus ;  applications  to  geometry,  physics 
and  mechanics.     First  half  of  second  year. 

Section  1,  M.  T.,  W.,  Th.,  and  F.  at  10. 

Section  2,   M.,  T.,  W.,  Th.,  and  F.   at    II. 

Prerequisite:    1,  2,   3-4. 

MECHANICAL    ENGINEERING 

11-12 — Steam  Power  Machinery.  3  hours,  1  afternoon  in  the  second 
term.     Professor  Lucre,  Mr.  Gunn  and  Mr.  Parr. 

Functions,  Forms  and  Principles  of  Operation  of  the  Typical  Steam 
power  Plant  Units,  Auxiliaries  and  Connecting  Elements — Methods  of 
receiving,  storing  and  firing  coal,  coal  handling  machinery,  grates, 
stokers  and  furnaces  for  the  combustion  of  coal ;  smokeless  combustion 
and  smoke  ordinances ;  flow  of  gases  through  boilers,  flues,  dampers 
and  the  generation  of  necessary  draft  by  chimneys,  fans  and  steam 
jets.  The  construction  and  operation  of  boilers,  boiler  settings  and 
foundations.  Methods  and  apparatus  for  feeding  water  to  boilers, 
necessary  boiler  attachments  and  trimmings.  Flow  of  steam  from 
boilers  to  engines  and  the  grouping  of  engines  and  boilers,  piping, 
valves,  fittings  and  pipe  covering.  The  heating  of  boiler  feed  water  in 
feed  water  heaters  and  economizers.  Purification  of  boiler  feed  water 
and  effects  of  impure  water  on  the  boiler.  Boiler  strength  tests  and 
inspection  laws.  Boiler  explosions.  Steam  pipe  condensation  and 
drainage.  Steam  traps,  separators,  steam  superheating  and  superheat- 
ers. Condensing  operation  of  steam  engines  by  jet,  surface,  ejector 
and  barometric  condensers.  Necessity  for  and  types  of  circulating, 
hot-well  and  dry  vacuum  pumps  and  cooling  towers.  Typical  steam 
engines  and  the  variations  in  form  and  character  of  their  important 
parts.  Engine  valves  of  simple  and  complete  form,  relation  between 
construction  of  engine  and  valve  gear  to  its  economy.  Special  valve 
gears  for  high  economy,  for  reserving  and  for  power  control.  Reg- 
ulation of  engines  and  engine  governors.  Relation  between  engine 
construction,  foundations,  vibrations  and  balancing.  Steam  turbines. 
Typical  steam  plant  arrangements  for  various  special  and  standard 
conditions. 

Afternoon  work  in  laboratory,  power  house  and  drafting  room, 
sketching  apparatus,  setting  valves,  plotting  diagrams  and  demonstra- 
tion of  principles  of  operation  taught  in  class.  Second  year  Mechanical 
Engineering. 

Pre-requisite  course:    Physics  3. 

13-14 — Steam  Power  Machinery.  3  hours.  Professor  Lucke  and 
Mr.  Gunn. 

Short  course  adapted  from  M.  E.  11-12.  Second  year  Civil  and 
Electrical;  Third  year  Metallurgical,  Chemical,  and  Mining  Engineer- 
ing; Fourth  year  Chemical. 

Pre-requisite  course:   Physics  3. 

17-18— Technical  Thermodynamics.  Professor  Lucke  and  Mr. 
Gunn. 

Laws  of  Heat  Generation  by  Combustion,  Heat  Transfer  and  Trans- 
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formation  into  Work — Relation  between  temperatures  and  quantities 
of  heat.  Units  of  heat.  Effect  of  heat  on  solids,  liquids,  gases  and 
vapors.  Laws  of  heat  transfer.  Laws  of  surface  evaporation,  ebulli- 
tion and  condensation.  Properties  of  saturated  and  superheated 
vapors.  _  Combustion  of  fuels,  calorific  power,  quantities  of  air  for 
combustion^  Temperature  of  combustion.  Boiler  efficiency  and  condi- 
tions affecting.  Principles  of  chimney  draft.  Laws  of  expansion  and 
compression  of  gases.  Work  and  heat  diagrams  to  pressure  volumes 
and  temperature  entropy  co-ordinates.  Air  and  wet  vapor  compression. 
Expansion  of  steam  by  hypothetic,  adiabatic  and  saturation  laws  and 
application  to  steam  engine  efficiency.  Missing  water  in  steam  engines. 
Influence  of  cylinder  condensation,  re-evaporation,  steam  jackets,  in- 
itial superheat,  compounding  and  reheating  on  steam  engine  efficiency. 
Relation  of  boiler  and  engine  performance.  Free  expansion  laws  and 
application  to  injector  and  steam  turbine  nozzles.  Heat  transformation 
by  perfect  gases.  Hot  air,  gas  and  oil  engine  efficiency.  Mechanical 
refrigeration.  Effects  of  evaporation  of  ammonia  and  carbonic  acid 
and  expansion  of  air.  Heat  balances  and  combined  efficiency  of  com- 
plex systems.  Third  year  Mechanical,  Electrical,  and  Civil  Engineer- 
ing; Third  year  Mining  Engineering  for  first  term. 

Pre-requisite  courses:    Mechanics  102;  M.  E.   11-12  or  13-14. 

19-20 — Engine  Design.  3  hours  and  3  afternoons.  Professor 
Rautenstrauch  and  Mr.  Thomas. 

Advanced  Machine  Design  Based  on  the  Thermal  and  Mechanical 
Problems  Involved  in  the  Design  of  a  Steam  Engine  for  Power,  Econ- 
omy and  Regulation — Determination  of  ideal  indicator  card,  probable 
M.E.P.,  piston  speed,  R.P.M.,  and  displacement  for  required  power, 
selection  of  single  or  multiple  expansion  construction  from  economy 
requirements,  limits  of  clearance,  cutoff,  release,  compression  and  ad- 
missiona  for  type  of  valve  gear  selected.  Stresses  due  to  steam  and 
inertia  in  the  principal  parts.  Forms  and  proportions  of  the  parts  de- 
termined by  intensity,  distribution  and  nature  of  the  stresses,  properties 
of  the  materials  and  conditions  affecting  maintenance.  Determination 
of  proportions  of  engine  parts.  Design  of  fly-wheels  for  limiting  varia- 
tion in  velocity  and  analysis  of  resulting  angular  variation.  Balancing 
the  engine.  Valve  gears  and  governors,  determination  of  the  propor- 
tions of  the  valve  for  predetermined  steam  distribution,  analysis  of 
valve  movements  and  moving  gear.  Graphic  representation  of  the  si- 
multaneous events  of  valve  opening,  steam  velocities  and  piston  veloci- 
ties. Analysis  for  the  effect  of  the  angularity  of  the  rod.  Equalizing 
the  events  of  the  valve.  Analysis  of  the  characteristics  of  the  shifting 
eccentrics  and  the  resultant  variations  in  the  valve  events.  Layout  of 
the  Corliss  valve  gear  with  single  and  double  eccentric,  and  proportions 
of  the  mechanism.  Steam  engine  governors,  flyball  and  shaft  gov- 
ernors, limits  of  movement,  valve  gear  resistance.  Proportions  of  the 
governor.  Fourth  year  Mechanical  Engineering. 
Pre-requisite  courses:    M.  E.  39,  40,  11,  12,   17-18. 

22— -Gas  Power  Machinery.  4  hours  and  1  afternoon.  Professor 
Lucke,  Mr.  Gunn  and  Mr.  Parr. 

Theoretical  and  Practical  Consideration  Affecting  the  Generation  of 
Power  by  Gas  Engines.  Including  Oil  Vaporization,  Coal  Gasification 
and  the  Design  of  the  Machinery — Efficiency,  M.E.P.,  displacement 
per  minute  per  I.H.P.  for  reference  diagrams.  Limitations  of  external 
and  internal  heating.    Methods  of  explosive  and  non-explosive  internal 
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heating.  Properties  of  explosive  gas  mixtures,  air  necessary,  calorific 
power  per  cu.  ft.  of  mixture;  temperature  of  combustion,  heat  sup- 
pression, efficiency  of  combustion,  pressure  and  volume  effects,  limita- 
tions of  proportions,  temperature  of  ignition,  rate  of  propagation,  the 
explosive  wave.  Critical  examination  of  modern  gas  engine  forms 
and  functions  of  parts;  means  for  mixing  and  proportioning,  pressure 
regulators,  ignition;  governors,  effects  on  the  engine  and  mechanism; 
starting  equipment;  exhaust  piping  and  muffling;  effects  of  back  pres- 
sure in  the  engine;  cooling;  preignition,  effect  of  cooling  on  economy. 
Large  blast  furnace  practice,  methods  of  gas  cleaning;  blast  furnace 
gas,  quality.  Large  engine  construction,  and  forms  of  parts.  Pro- 
ducer gas  practice;  standard  producer  for  anthracite  and  bituminous 
coal,  characteristics;  gas,  variation  in  quality,  effects  on  the  engine; 
methods  of  blasting  producers,  auxiliary  steam  supply  and  steam  con- 
sumption; efficiency  and  rate  of  combustion  in  producer;  scrubbers 
and  tar  extractors.  Carburetors  and  vaporizers  for  liquid  fuel; 
petroleum  distillates,  crude  oil  and  denatured  alcohol,  vapor  tension 
curves  for  liquid  fuels.  Characteristics  of  modern  forms  of  gasoline 
and  oil  engines,  gas  power  plant  arrangements,  producer  engines,  their 
efficiency,  coal  consumption  and  comparison  with  steam  plants. 

Complete  analysis  of  the  rating,  efficiency,  regulation,  forces  acting 
in  and  strength  of  parts  of  a  modern  gas  engine.     Probable  indicator 
card,  inertia  of  reciprocating  parts,  wrist  pin  and  turning  effort  dia- 
gram.   Dimensions  of  all  parts.     Fourth  year  Mechanical  Engineering. 
Pre-requisite  courses:    M.  E.  19,  33. 

25— Steam  Power  Plant  Design.  3  hours  and  3  afternoons.  Pro- 
fessor Lucke  and  Mr.  Gunn. 

Relation  Between  the  Cost  of  Power  and  Thermal  Efficiency  of  the 
Plant.  Commercial  Value  of  Refinements— Determination  of  engine 
and  boiler  ratings  and  corresponding  efficiencies  and  probable  coal  and 
water  consumption  for  plant  on  given  load  curve.  Essential  relation 
between  processes  and  dimensions  of  the  steam  plant.  Steam  plant  re- 
finements for  raising  efficiency  of  part  or  complete  plant  and  relations 
between  dimensions  and  effect.  Use  of  unit  costs  of  apparatus  in 
estimating,  examination  of  cost  sheets  to  determine  prime  unit  of  cost. 
Cost  of  power.  Fixed  and  operating  charges,  ratio  of  each  individual 
item  to  total  and  effect  of  labor  and  fuel  rates,  load  factor  and  refine- 
ments on  the  fractional  part.  Value  of  refinements  of  design  on  basis 
of  capitalized  annual  saving  by  comparing  the  cost  of  waste  and  the 
cost  of  its  elimination,  including  all  charges.  Specifications  and  con- 
tracts; standard  and  special  methods  and  forms  for  defining  pur- 
chaser's requirements  and  builder's  proposals,  contracts,  methods  of 
power  plant  erection.  Designing  and  erecting  office  organization  and 
field  systems.  ,  . 

The  work  consists  in  laying  out  a  simple  power  plant  tor  assigned 
units  in  the  drafting  room  or  the  detailing  of  existing  general  plant 
drawings,  preparation  of  the  bill  of  materials,  estimating  the  first  cost, 
fixed  charges,  probable  coal,  water,  labor  and  supply  cost  for  an  as- 
sumed load  curve  and  total  power  cost.  The  plants  so  designed  or  de- 
tailed are  exchanged  by  students  and  redesigned  for  an  increase  of 
100  per  cent,  peak  and  50  per  cent,  mean  daily  load  and  for  the  maxi- 
mum power  cost  reduction  by  the  use  of  plant  refinements  and  auxil- 
iaries when  it  can  be  shown  that  additions  and  alterations  will  pay. 
Specifications  are  written  for  the  alteration  and  proposals  submitted. 
Fourth  year  Mechanical  Engineering. 
Pre-requisite  course:  M.  E.  96S. 
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31-32— Experimental  Engineering.     1  hour  and  1  afternoon.     Mr. 
Thurston. 

Laboratory  methods  for  the  determination  of  experimental  data. 
Derivation  of  physical  laws  from  experimental  results— Comparison 
of  actual  performance  of  machines  with  computed  prediction  and 
evaluation  of  unknown  elements.  Methods  of  approach  for  the  solu- 
tion of  practical  problems  by  experiment  and  computation.  The  work 
is  illustrated  by  problems  on  the  flow  of  liquids,  gases  and  vapors,  com- 
bustion, transfer  of  heat,  steam  generation  and  changes  of  state,  trans- 
formation of  energy,  power  generation  and  transmission,  energy  losses, 
thermal,  hydraulic  and  mechanical.  For  each  problem  a  preliminary 
report  is  submitted  before  the  test,  involving  the  analysis  of  the  prob- 
lem, the  attempted  prediction  and  the  required  test  log,  based  on  class- 
room explanations;  this  is  incorporated  with  the  tests  results  and  an 
interpretation  of  differences  between  these  and  the  prediction,  includ- 
ing judgment  of  errors,  to  constitute  the  final  report.  The  apparatus 
for  this  course  includes :  Pressure  gauges,  manometers,  thermometers, 
pyrometers,  indicators,  tachometers,  planimeters,  barometers,  weirs, 
channels,  nozzles  and  orifices  for  water,  steam  and  air,  Pitot  and  Ven- 
tun  tubes,  steam,  gas  and  water  piping  and  meters,  dynamometers 
power  scales,  yiscosimeters,  flue  gas  apparatus,  steam  traps,  hydraulic 
ram,  steam  injectors,  air  pump,  hot  air  engine,  duplex  steam  pumps, 
Pelton  wheel,  centrifugal  pump,  simple  steam  engine.  Third  year  Me- 
chanical Engineering.  Texts:  Experimental  Engineering—Carpenter 
Experimental  Engineering— Pullen,  Lecture  Notes. 

--»?«e'reSuisite  courses:    M.  E.  11-12.     Courses  which  are  parallel  to  it:    M    E 
17-18  and  Mechanics  105. 

33— Experimental  Engineering  (Continuation  of  Course  31-32). 
2  hours  and  1  afternoon.     Mr.  Parr  and  Mr.  Thurston. 

The  work  of  this  course  is  the  same  in  nature  as  31-32,  but  the  prob- 
lems involve  more  difficult  computations  and  more  skilful  manipulation 
of  the  apparatus.  These  problems  are  principally  concerned  with 
energy  transformation,  necessary  and  accidental  losses  and  the  deter- 
mination of  the  conditions  affecting  performance  of  compound  and 
triple  expansion  steam  engines  and  pumps,  operating  condensing  and 
non-condensing,  with  and  without  receivers,  with  and  without  reheat- 
ers  Hydraulic  motors,  one,  two  and  three  stage  air  compressors  with 
and  without  intercoolers,  feed  water  heaters,  fans,  steam  boilers,  am- 
monia refrigerating  machines,  steam  superheaters  and  condensers  '  At- 
tention is  also  given  to  the  commercial  tests  standardized  by  the  En- 
gineering Societies.  Fourth  year  Mechanical  Engineering. 
Pre-requisite  courses:   M.  E.  31-32;  M.  E.  96S;  M.  E.  17-18. 

36— Kinematics  of  Machinery.    2  afternoons.     Mr.  Thomas. 

Determination  of  Paths  of  Motion,  Velocity,  Acceleration  and 
Kinetic  Forces  of  the  Moving  Parts  of  Machines  with  the  Resulting 
Reaction  Forces  of  the  Frame— Relative  motions  of  machine  parts  and 
the  determination  of  the  rates  of  motion.  Determination  of  space, 
velocity  and  acceleration  diagrams  with  application  to  the  steam  en- 
gine^ shaper  and  other  standard  mechanisms.  Construction  and  use 
of  diagrams  for  the  determination  of  inertia  forces  and  their  distribu- 
tion in  each  element  of  a  machine.  The  layout  of  motions  to  specifica- 
tions. Design  of  cams  with  special  reference  to  the  rate  of  change  of 
velocity  of  the  moving  parts  and  the  resultant  inertia  forces,  resistances 
to  motion  and  the  continuous  contact  of  cam  and  follower.     Analysis 
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of  link  work,  relative  motions,  inversions,  adaptability  to  the  accom- 
plishment of  specific  kinds  and  limits  of  motion.  Eccentrics  and  links 
for  the  transformation  of  kinds  of  motion;  ratchet  motion;  running 
ratchets.  Clutch  and  coupling  mechanisms,  connecting  shafts  in 
parallel  and  at  an  angle.  Modification  to  permit  of  non-alignment. 
Toothed  gearings.  Justification  of  the  cycloidal  and  involute  curves 
in  their  application  to  gear  teeth.  The  layout  of  tooth  forms  and  the 
determination  of  the  velocity  ratios.  Layout  of  bevel  gear  tooth  forms 
by  Tredgold's  method.  Approximate  methods  and  practical  rules  tor 
the  layout  of  gear  teeth.  Determination  of  paths  of  contact,  obliquity 
of  motion,  length  of  teeth,  interferences  in  involute  gearing.  Deter- 
mination of  the  necessary  conditions  for  interchangeabihty  in  sets  ot 
cycloidal  and  involute  gears  and  comparison  of  the  system  Iriction 
gears  Kinematics  of  belt  drive.  Open  and  crossed  belts.  Layout  ot 
belt  drives  and  rope  drives,  sprocket  wheels  and  chain  drives,  speed 
changing  devices  using  wrapping  connections.  Text:  Kinematics  of  • 
Machinery— Darky.  Second  year  Mechanical  and  third  year  Electrical 
Engineering. 

Pre-requisite  courses  are  Math.  3-4  and  M.  E.  59. 

39-40— Machine  Design.     First  term,   i  hour,  2  afternoons.     Pro- 
fessor Rautenstrauch. 

Analysis  of  stress  in  machine  parts  of  standard  form  under  varying 
conditions  of  service  and  the  proportions  of  the  machine  elements  to 
safely   resist   the   resulting   stresses— Application   of   the   principles   ot 
Kinematics,    Resistance   of    Materials,   Design    of    Machine   Elements, 
Shop  and   Foundry  Methods  to  the  design  and  analysis  of  complete 
machines.     Examination  of  machines  to  determine  the  nature  and  dis- 
tribution of  the  forces  acting  on  and  the  resulting  stresses  and  strains 
in  each  element  due  to  kinetic  and  structural  conditions.     Selection  ot 
working  stresses  for  machine  parts  subject  to  steady,  repeated  and  re- 
versed stresses.     Selection  of   materials    for  machine  parts  based  on 
their   adaptability  to  the  service  and  to  the  shop  processes  by  which 
the  part  must  be  made.     Determination  of  the  proportions  of  machine 
parts  subjected  to  tension,   compression,  and  shear;  bending  and  tor- 
sion ■  combined  bending  and  tension,  bending  and  torsion,  torsion  and 
compression,  buckling  action,  and  stresses  due  to  eccentric  loading  and 
complex  supports.     Illustrated  in  the  design  of  crank  shafts    machine 
frames,  housings  and  connecting  rods.    Gear  wheels,  pulleys,  flywheels 
springs,  riveted  joints,  thin  and  thick  cylinders,  braces  and  stays,  hat 
plate  members,  pressure  joints,  screws,  belting,  rope  and  chain  drives 
for  power  transmission.    Bearing  surfaces,  flat,  cylindrical,  pivot,  ball, 
roller    thrust.     Application  of  theory  of  elasticity  to  the  more  compli- 
cated elements.    Grouping  of  machine  elements  into  machines  for  func- 
tional   operation,    erection,    adjustment,    maintenance    and    repair    and 
modifications  demanded  by  facilities  for  manufacture.     Design  of  ma- 
chines  to   specification,   with  particular   reference  to   modern   require- 
ments    Text:  Spooner's  Machine  Design.    Third  year  Mechanical  En- 
gineers, fourth  year  Chemical  Engineers.    Second  term,  2  hours,  2  after- 
noons. 

Pre-requisite  courses:    M.   E.  36.     Must  parallel  C.  E.  53. 

41— Machine  Design.    1  hour  and  1  afternoon.    Mr.  Thomas. 
A  short  course  adapted  from  M.  E.  39"40.     Fourth  year  Civil  and 
third  year  Electrical  Engineering. 

Pre-requisite  courses:    C.  E.  53  for  C.  E.     Must  parallel  C.  E.  53  for  E.  E. 
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46— Water  Power  Machinery.    3  hours.    Mr.  Parr. 

Principles  of  Design  and  Economy  of  Operation  of  Turbine  Wheels 
and  Water  Power  Plants— Action  of  water  on  curved  vanes,  forces 
developed  and  effect  of  impact,  work  done ;  centrifugal  action.  Theory 
of  reaction  turbines.  Vane  form  and  arrangement ;  total  work^  done 
for  axial,  radial  and  mixed  flow  wheels;  dependence  of  velocity  of 
flow  on  speed  of  rotation;  losses  of  energy  due  to  friction  in  guide 
passages,  wheel  buckets  and  sluice,  shock,  leakage,  residual  velocity. 
Design  of  reaction  turbines;  relation  between  pressure  and  velocity  of 
flow;  methods  of  determining  passage  areas;  radii  of  wheels,  width 
and  depth  of  buckets,  number  and  thickness  of  vanes.  Axial  turbines, 
characteristics,  forms  and  dimensions.  Impulse  turbines;  essential 
principles  and  theory,  advantages,  ventilation  of  bucket,  velocity  of 
flow,  available  energy,  efficiency.  Axial  impulse  turbines,  character- 
istics, forms  and  dimensions.  Centrifugal  action  in  axial  flow,  reaction 
and  impulse  turbines.  Radial  impulse  turbines,  inward  and  outward 
flow;  forms,  characteristics  and  dimensions.  Descriptions  of  and  ex- 
periments with  turbines  of  various  types.  Existing  water  power  plants. 
Modern  governors  for  turbines;  ideal  action  of  direct  acting  governor 
and  disturbing  influences;  essential  principle  of  indirect  acting  gov- 
ernor; factors  affecting  regulation.  Fourth  year  Mechanical  Engi- 
neering and  Fourth  year  Civil  Engineering. 

Pre-requisite    courses:    For   Mechanical   Engineering:    M.    E.    36,    M.    E.   33, 
C.  E.  78;  for  Civil  Engineers,  M.  E.  76,  M.   E.  78,  C.  E.  75. 

52_Works  Management.  2  hours.  Professor  Rautenstrauch, 
Mr.  Going  and  Associates. 

Manufacturing  Organizations  and  Methods  of  Cost  Accounting— Effect 
of  methods  of  manufacture  and  capacity  on  systems  of  management 
of  mills  and  factories.  Analysis  of  the  elements  of  factory  accounting 
and  determination  of  the  factors  entering  into  the  cost  of  production. 
Methods  for  keeping  record  of  the  cost  of  labor  and  materials  in  the 
production  of  specific  articles.  The  determination  of  establishment 
charges.  Interpretation  of  costs  and  use  of  comparative  values.  De- 
termination of  costs  and  use  of  comparative  values.  Determination  of 
the  depreciation  of  buildings,  machinery,  patterns,  drawings  and  other 
assets.  Organization  and  functions  of  the  departments  of  the  business. 
Purchase  of  raw  material  and  sale  of  product.  _  Utilization  of  scrap 
and  waste.  Methods  of  labor  compensation.  Critical  analysis  of  the 
methods  of  accounting  in  representative  factories.  Factors  affecting 
the  cost  of  production.  Layout  of  complete  system  of  organization, 
forms,  methods  of  accounting  and  progress  of  work  for  the  factory 
designed  in  course  M.  E.  68,  Manufacturing  Plant  Design.  Fourth 
year  Mechanical  and  Chemical  Engineering. 

Pre-requisites  must  parallel  M.  E.  68  for  M.   E.'s. 

53 — Steam  Turbines.  2  hours.  Mr.  Parr,  Mr.  Stone  and  Asso- 
ciates. 

Fundamental  Analysis  of  the  Action  of  Steam  Jets  and  Vanes 
and  Its  Application  to  the  Design  and  Performance  of  Steam 
Turbines — Ratio  of  impulse  to  reactive  force  jets,  effect  of  variation 
of  curvature  of  the  buckets,  open  and  closed  passages.  Flow  of  steam 
through  nozzles  and  turbine  passages,  volume,  pressure,  temperature, 
quality,  weight,  velocity  and  kinetic  energy  relations.    Centrifugal  effect 
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of  steam  moving  in  a  curved  path.  Study  of  the  use  of  steam  in  vary- 
ing types  of  turbines.  Graded  pressure  turbines,  graded  velocity  tur- 
bines, mixed  impulse  and  reaction  turbines.  Practical  turbines  belong- 
ing to  these  types,  and  study  of  their  detailed  construction.  Efficiency 
of  different  types  studied  by  analysis  of  energy  transformation  through- 
out the  path  of  steam  and  how  efficiency  is  varied  by  design  of  blades, 
passages,  nozzles,  number  of  stages,  speed,  clearance,  leakage  and  mode 
of  regulation.  Construction  of  turbine  vanes.  Disc  and  vane  friction 
and  critical  speed.  Governing  steam  turbines,  throttling  method,  vari- 
able admission  to  one  or  more  stages  and  periodic  admission.  Steam 
consumption  of  turbines.  Book  used :  The  Steam  Turbine — Stodola. 
Fourth  year  Mechanical  and  Electrical   Engineering. 

Pre-requisite  courses:    For  Mechanical  Engineers,  M.  E.  17-18,  M.  E.  31-32; 
for  Electrical  Engineers,  M.  E.  17-18,  M.  E.  76. 

54— Shop  Processes,  Tools  and  Time  Study.  2  hours.  Professor 
Rautenstrauch,  Mr.  Miller  and  Associates. 

The  Economic  Elements  in  Shop  Processes,  Time  and  Power  per 
Unit  of  Surface  Finished  or  Cut  and  per  Unit  of  Metal  Removed  with 
the  Conditions  for  Most  Economic  Production— Processes  in  the  shop, 
functional  operation  of  machine  tools  and  limits  of  economic  produc- 
tion, time  of  setting,  handling,  forming  and  finishing  of  parts  for  job 
and  repetition  work  in  quantity.  Limits  of  time,  power  and  cost  for 
finishing  surfaces  per  sq.  in.  and  removing  per  cu.  in.  and  per  lb.  by 
hand  and  machine  operations.  Machines  for  performing  specific  op- 
erations, their  functional  operation,  capacities,  adaptability  and  rate  of 
production.  Conditions  warranting  jigs  and  fixtures  for  the  produc- 
tion of  parts  in  quantity  and  for  interchangeability.  Economy  of  port- 
able tools,  devices  and  methods  of  inspection.  The  selection  of  eco- 
nomic cutting  conditions  and  analysis  of  recent  experiments.  Adapta- 
tion of  economic  cutting  speeds  to  machine  tools.  Labor-saving  de- 
vices in  the  pattern  shop,  tools  and  appliances  used,  capacity  and  adap- 
tability; built-up  patterns,  single-piece  patterns,  _  metal  patterns,  com- 
parative cost  and  life  of  each;  patterns  for  repetition  work,  rights  and 
lefts,  a  line  of  sizes,  interchangeable  patterns,  jobbing  patterns,  rela- 
tive economy  of  alternative  practice.  Economic  production  in  the 
foundry,  relative  value  of  various  methods  of  molding  large  and  small 
parts,  core  making,  venting,  pouring  and  handling  the  work,  managing 
the  cupola.  Limits  of  labor,  power  and  fuel  per  ton  of  castings  as  af- 
fected by  size  and  form  and  fraction  chargeable  to  pattern,  molding 
and  cupola  and  finishing.  Processes  of  forging,  hand  and  machine, 
conditions  warranting  power  hammers,  hydraulic  presses,  bull-dozers, 
presses,  dies  and  forming  devices  for  the  production  of  duplicate  and 
standard  pieces.  Labor  and  power  per  lb.  of  forging  as  affected  by 
tools,  size  and  form  of  work.  Heating  and  annealing  furnaces,  con- 
sumption of  gas  and  oil,  labor,  power  and  fuel  per  unit  annealed.  Dis- 
tribution of  cost  of  machine  production  between  different  processes, 
power,  labor,  material  and  effect  of  shop  or  tool  capacity  factor  on  fixed 
charges.     Third  year  Mechanical  Engineering. 

Pre-requisite  courses  are  M.  E.  94S,  T.  C.  Shopwork  and  M.  E.  39. 

56 — Water  Power  Installations.    1  hour.    Mr.  Parr. 

Selection  and  Arrangement  of  Water  Wheels,  Governors  and  Auxil- 
iary Appliances  for  Different  Local  Conditions,  Efficiency  of  Wheels 
and  Plants— Characteristic  of  water  flow  through  turbine  guides,  noz- 
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zles  and  buckets,  conditions  warranting  wheel  classification,  efficiency 
of  wheels  as  a  function  of  type,  head,  speed  and  part  gate  operation, 
effects  of  different  forms  of  gate  on  efficiency,  relative  value  of  stand- 
ard patterns  and  special  designs  to  suit  local  conditions,  limits  of 
standard  dynamo  speeds  on  wheel  speeds.^  Water  wheel  governors 
regulation.  Available  head  at  wheels  and  division  of  total  loss  through- 
out water  conductor  system,  relation  between  available  water  supply, 
possible  output  and  perfection  of  development  work ;  draft  tubes,  stop 
valves,  gates,  vacuum  and  pressure  relief  stand  pipes,  relief  valves  and 
bye-passes,  water  racks,  anchor  and  frazil  ice.  Analysis  of  typical  in- 
stallations. Water  power  costs.  Text :  Water  Power  Engineering — 
Mead.     Fourth  year  Electrical  Engineering. 

Pre-requisite  course:    C.  E.  77.     Parallel  course:   M.  E.  60. 

59 — Empiric  Design.    Mr.  Thomas. 

Proportioning  of  Machine  Parts  by  Empiric  Methodsand  the  Pro- 
duction of  Shop  Drawings  and  Sketches — Modern  practice  in  making, 
recording  and  filing  shop  drawings  of  machine  details  and  assemblies, 
bills  of  material  and  listing  of  standard  and  special  parts.  Use  of 
standard  conventions  and  interpretation  of  shop  notes  on  drawings. 
Shop  sketches  and  dimensions.  Forms  of  machine  parts  as  indicated 
by  the  nature  of  the  resistances  to  be  overcome  and  the  characteristics 
of  the  material.  Plain,  box,  and  ribbed  cast  sections,  shrinkage  stresses 
and  the  probability  of  local  weaknesses.  Proportions  of  parts  by  mod- 
ern empirical  formulas  derived  from  practical  considerations.  Limit- 
ing conditions  in  the  use  of  empirical  formulas.  Modern  practice  in 
the  proportioning  of  machine  elements.  Proportions  of  parts  adopted 
by  the  Master  Car  Builders'  Association,  Master  Steam  Boiler  Makers' 
Association,  United  States  Government,  numerous  manufacturing  con- 
cerns and  data  appearing  of  the  transactions  of  the  various  engineering 
societies  and  engineering  publications.  Design  of  simple  castings  from 
assigned  data,  dies  for  forming  simple  parts^  in  a  bull-dozer  and  the 
frames  and  parts  of  simple  machines  having  given  the  detailed  drawing 
of  the  other  parts  necessary  to  the  determination  of  the  principal  di- 
mensions. Second  year  Mechanical  Engineering  and  third  year  Chem- 
ical Engineering. 

The  pre-requisite  courses  are  Drafting  1  or  2. 

6o — Hydraulic  Laboratory.    Mr.  Parr  and  Mr.  Thurston. 

Practical  Work  on  the  Flowing  of  Water  for  the  Determination  of 
Rational  Coefficients  with  Ordinary  and  Extraordinary  Conditions — 
Flow  through  simple  holes  in  plate  and  sort  tubes  under  low  heads. 
Flow  through  convergent  nozzles  and  needle  orifice.  Flow  through 
straight  pipe,  elbows  and  joints,  distribution  across  the  cross  section 
near  bends  with  velocity.  Flow  through  open  channels.  Flow  over 
weirs.  Variation  of  rectangular,  trapezoidal  and  triangular,  sharp 
versus  dull  edge,  approach  contractions,  one  side,  both  sides  and  bot- 
tom. Hook  gauge  measurements.  Measurement  of  quantity  flowing  by 
Venturi  tube  and  Pitot  tube.  Variation  of  error  with  type,  pressure 
drop,  and  size.  Loss  of  heads  by  sudden  enlargement  in  cross  section 
in  pipes  running  full.  Inertia  and  water  shock.  Water  wheels.  Varia- 
tion of  efficiency  with  speed  and  head,  analysis  of  losses  in  nozzles, 
bucket  and  friction.  Text:  Lecture  Notes.  Fourth  year  Electrical 
Engineering  and  third  year  Mechanical   Engineering. 

Parallel   course:     For    Mechanical    Engineers,    C.    E.    78.     Pre-requisite    for 
Electrical  Engineers:   C.  E.  77. 
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61 — Seminar,    i  hour.    Professor  Lucke. 

Discussion  by  students  of  current  topics  in  mechanical  engineering 
practice,  drawn  from  the  Transactions  of  the  American  Society  of 
Mechanical  Engineers  and  from  selected  journals.  Papers  are  assigned 
for  critical  analysis  and  report  which  are  read  and  discussed  in  class 
as  in  professional  society  meetings.  Fourth  year  Mechanical  Engi- 
neering. 

62— Refrigeration  Machinery.     Mr.  Thurston  and  Mr.  Ophuls. 

Relative  Equipment,  Space  Occupied,  Fuel  and  Water  Consumption 
per  Ton  of  Refrigeration  or  of  Manufactured  Ice  for  Principal  Sys- 
tems—Physical properties  of  anhydrous  ammonia,  carbonic  acid,  aqua 
ammonia,  sodium  and  calcium  brine  solutions.  Ammonia  compression 
systems,  wet  and  dry  and  oil  injection  systems.  Liquid  storage,  pres- 
sure and  liquid  receiver  tanks,  pipe  and  fittings,  expansion  valves,  di- 
rect expansion  coils,  double  pipe,  submerged  and  shell  brine  coolers, 
insulation  of  tanks  and  pipes,  brine  circulating  pumps.  Compressors. 
Ammonia  condensers,  atmospheric,  double  pipe  and  submerged,  con- 
denser water  cooling  towers,  ammonia  fore-coolers  and  oil  coolers  for 
oil  system.  Carbonic  acid  systems,  characteristics  and  quantities  com- 
pared with  anhydrous  ammonia.  Ammonia  absorption  systems.  Ab- 
sorber constructions,  generator  construction.  Dense  air  systems.  Air 
drying.  Refrigerating  rooms,  brewery,  meat,  general  stores,  res- 
taurants. Ice  making.  Can  and  plate  systems,  water  purification  sys- 
tems, oil  separators,  steam  condensers,  reboilers,  evaporators,  single 
and  multiple  effect,  skimmers,  water  storage  tank  and  governors. 
Quantity  of  water  per  ton  of  ice,  quantity  of  steam  condensed  from 
compressor  and  auxiliaries,  available  and  make-up  water.  Text:  Com- 
pend.  of  Mechanical  Refrigerating— Siebel.  Third  year  Mechanical 
Engineering. 

Pre-requisite  course:   M.   E.   17.     Parallel  course:    M.    E.    18. 

63_Hydraulic  Laboratory.  1  afternoon.  Mr.  Parr  assisted  by 
Mr.  Thurston. 

Same  as  M.  E.  69.    Fourth  year  Civil  Engineering. 
Parallel  course:    Hydraulics,  C.  E.  75. 

64— Air  Machinery.    2  hours.     Professor  Lucke  and  Mr.  O'Neil. 

Structures,  Adaptability  and  Economy  of  Fans,  Air,  Gas  and  Vapor 
Compressors,  Blowing  Engines,  Jet  Blast  Apparatus  and  Important 
Applications— Convection  movement  of  air;  flow  of  air  through  ori- 
fices, ducts,  pipes.  Hygrometric  conditions  of  air  with  temperature 
and  pressure  and  condensation  of  moisture  in  compressed  air.  Air 
compressors,  types  and  construction;  work  of  compression,  M.  E.  P. 
for  single  and  multi  stage,  cylinder  ratios,  effects  of  intercooling. 
Volumetric  efficiency  of  compressors,  real  and  apparent.  Discharge 
pipe  pressure  pulsations,  air  receivers,  intercooling  receivers.  Air  end 
valves,  poppet,  slide,  Corliss  and  ring  valves,  suction  and  delivery, 
differences  in  type  and  diameter  and  lift.  Steam  end  valve  gears  and 
cylinder  arrangement.  Constant  and  variable  speed  compressor  valve 
gear  characteristics,  pressure  and  speed  controllers  and  governors. 
Analysis  of  complete  compressor  economy  tests.  Dry_  vacuum  air 
pumps.  Blowing  engines,  special  forms  and  sizes  of  air  end  valves 
introduced  by  cylinders  of  large  diameters  for  low  pressure  air.  Am- 
monia and  carbonic  acid  compressors;  peculiarities  and  methods  of 
handling  liquid  in  the  vapor;  forms  and  characteristics.  Multi-stage 
centrifugal  fans  and  service.  Analysis  of  efficiency  tests  for  fans  and 
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blowers.  Positive  blowers.  Steam  jet  blowers  and  exhausters, 
thermal  efficiency.  Application  of  principles  to  ventilation  and  heating, 
blast  furnace  practice,  compressed  air  and  compressed  gas  power  trans- 
mission systems,  air  lift  pumps  and  air  brakes.  Third  year  Mechanical 
Engineering. 

Pro-requisite  course:    M.    E.   17.  , 

66— Elevators  and  Conveyors,  i  hour.  Professor  Rautenstrauch 
and  Mr.  Moss. 

Mechanical  Handling  of  Solid  Materials  by  Standard  Elevating  and 
Conveying  Machinery,  Characteristics,  Speed,  Tonnage  and  H.P.  per 
Ton,  Computations  and  Adaptability  to  Special  Service— Hand  hand- 
ling of  materials,  limits,  cost  and  conditions  warranting  use  of  ma- 
chinery. Continuous  conveyors,  screw,  bucket,  scrapers,  pusher,  belt 
and  pneumatic  types.  Intermittent  conveyors;  telephers,  rope  and 
cable  ways,  cable  cars.  Loaders,  unloaders,  storage  facilities.  Skips, 
grab  buckets,  tips  and  tipples.  Short  and  long  hoists,  friction  drum 
hoists  and  direct  connected.  Pneumatic  and  hydraulic  elevators  for 
freight.  Fixed  and  travelling  cranes.  Passenger  elevators,  rope  and 
plunger  types.  Safety  devices.  Automatic  weighers  of  materials;  coal 
and  ore  storage  systems.  Excavating  machine  and  dredges.  Coal 
and  ore-handling  machinery.  Railroad  terminal  and  steamship  loaders 
and  unloaders.  Coke  oven  chargers  and  dischargers.  Grain  handling. 
Special  adaptation  to  material,  such  as  sand,  plaster,  glass,  cement, 
broken  rock,  coal,  coke,  packages,  barrels,  corrosive,  erosive,  sticky, 
packing,  and  hot  materials.  Third  year  Mechanical  Engineering. 
Pre-requisite  course:    M.  E.  39. 

68— Manufacturing  Plant  Design.  2  hours  and  i  afternoon.  Pro- 
fessor Rautenstrauch,  Mr.  Going  and  Associate. 

Methods  of  Procedure  for  the  Design  of  a  Plant  for  the  Manufacture 
of  an  Assigned  Product  at  a  Given  Rate— Determination  of  kind  and 
quantity  of  materials  needed,  processes  by  which  they  may  be  most 
economically  worked,  selection  of  machinery  for  each  process,  deter- 
mination of  the  number  of  each  kind  of  machine  required,  power 
necessary  to  drive.  Layout  of  shops  for  most  direct  production.  <  Se- 
lection of  facilities  for  handling,  storing  and  shipping  on  the  basis  of 
economy  effected.  Grouping  of  pattern  and  machine  shops,  foundry, 
forge  and  general  office;  estimate  of  costs  of  equipment  and  installa- 
tion. Layout  of  heating,  ventilating  and  lighting  systems,  power  trans- 
mission systems  and  facilities  for  reduction  of  fire  hazard.  Layout 
of  system  of  management  and  cost  determining  system.  Fourth  year 
Mechanical   Engineering. 

Pre-requisite  course:  E.  E.  103;  and  must  be  paralleled  by  M.  E.  52. 

70— Pumping  Machinery.    Mr.  Thurston  and  Mr.  Hague. 

The  Mechanics  of  Moving  Liquids  and  Standard  Machinery  for 
Pumping— Water  elevators,  conditions  for  high  efficiency  and  limits 
of  use.  Displacement,  piston  and  plunger  pumps ;  forms  and  functions 
of  water  pistons  and  plungers,  pump  bucket  forms  and  limits  of  use, 
volumetric  efficiency  of  water  ends.  Valves  for  water  end,  mechanical, 
flap,  poppet,  ball,  annular,  flat,  double  beat  type  and  relation,  adaptabil- 
ity to  fluid,  speed  and  temperature;  forms  of  valve  seats,  conditions 
for  perfect  flow,  piston  speed  and  water  inertia.  Air  chambers.  Suc- 
tion limitations  of  altitude,  water  temperature  and  absorbed  gases  and 
acceleration.  Peculiarities  of  high  pressure  work,  accumulators.  Fly- 
wheel pumps,   steam  end  characteristics,   relation  between   steam  and 
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water  diameters  and  displacements.  Direct  acting  pumps,  valve  motion 
in  single  types,  full  and  partial  steam  throw  valves  for  simple,  com- 
pound and  triple  use  of  steam.  Duplex  direct  acting  pumps,  structural 
and  operating  characteristics.  Economy  of  direct  acting  simple  and 
multiple  expansion  pumps.  Centrifugal  and  turbine  pumps,  forms  and 
operative  characteristics.  High  duty  pumping  engines,  conditions  for 
maximum  duty  referred  to  steam  and  coal;  pumping  engine  tests, 
methods  of  conducting  and  analysis  of  results  obtained.  Typical  pump- 
ing engine  installations.  Pulsometer  pumps.  Jet  apparatus,  injectors, 
ejectors  and  eductors,  construction  and  duty  as  pumps.  Water  relief 
valves,  pressure  and  float  pump  governors.  Third  year  Mechanical, 
Civil   and   Chemical   Engineering. 

Prerequisite  course:   M.    E.    17.     Parallel   C.   E.   78. 

72— Gas  Power  Machinery.     2  hours  and  1  afternoon.     Professor 
Lucke. 

Short  course  adapted  from  M.  E.  22.  Fourth  year  Electrical  and 
Metallurgical   Engineering. 

Pre-requisite  course:    M.  E.  17. 

74 — Gas  Power  Machinery.     2  hours. 

Same  as  72  except  the  time.     Fourth  year  Mining  Engineering. 
Pre-requisite  course:    M.  E.  17. 

76— Experimental  Engineering.  1  hour  and  1  afternoon.  Mr. 
Parr  and  Mr.  Thurston. 

Short  course  adapted  from  M.  E.  31,  32,  33. 

Third  year  Metallurgical,  fourth  year  Chemical,  third  year  Mining 
and  third  year  Electrical  Engineering. 

Pre-requisite  for  Mining,   Chemical,  Metallurgical   and  Electrical  Engineers: 
M.  E.  13-14  and  M.  E.  17.     Parallel  for  Electrical  Engineers:  M.  E.  18. 

77— Experimental  Engineering.  1  hour  and  1  afternoon.  Mr.  Parr 
and  Mr.  Thurston. 

Third  year  Civil,  fourth  year  Chemical  and  fourth  year  Electrical 
Engineering. 

Short  course  adapted  from  M.  E.  31,  32,  33. 

Pre-requisite  for  Civil  and  Chemical  Engineers:  M.  E.  13-14  and  M.  E.  17; 
for  Electrical  Engineers,  M.  E.  17-18  and  M.  E.  76. 

78 — Kinematics.     1  afternoon.     Mr.  Thomas. 

Short  course  adopted  from  M.  E.  36.    Third  year  Civil  Engineering. 
Pre-requisite:    Math.  3-4. 

82— Heating  and  Ventilation.     3  hours.     Professor  Lucke. 

Principles  of  Heat  Generation  Transfer  and  Air  Movement  Applied 
to  Warming  and  Ventilation  of  Buildings— Quantities  of  air  needed  for 
proper  ventilation,  amount  of  heat  necessary  to  maintain  temperatures 
against  conduction,  radiation  and  air  change  losses.  Heating  surface  and 
coefficients  of  heat  transfer,  grate  surface,  pipe  and  duct  sizes  for  high 
and  low  pressure  steam  heating,  direct  and  indirect,_  hot  water  and  hot 
air  systems.  Air  tempering,  cleaning,  drying,  humidifying.  Pipe  and 
duct  layouts.  Fan  computations.  Exhaust  steam  systems,  vacuum 
circulation.  Reducing  valves,  air  valves,  water  expansion  tanks, 
thermostats,  thermostatic  regulation  systems  and  _  important  details. 
Efficiencies  of  various  systems  and  analysis  of  existing  installations. 
Fourth  year  Sanitary  Engineering. 
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94S— Manufacturing  Plant  Summer  Work.  Professor  Rauten- 
strauch. 

Practical  Work  and  Directed  Study  in  the  Shops  and  Drafting 
Rooms  of  Representative  Manufacturing  Establishments  with  Report — 
Each  student  is  provided  with  a  printed  copy  of  the  things  to  be 
studied  and  reported  on  in  detail,  of  which  the  following  is  a  general 
summary : 

Machine  Shop.  Functional  operation,  characteristics  and  powering 
of  machine  tools,  capacities,  layout  of  shop,  size  of  shafting,  belting 
and  motors  for  independent  and  group  drive.  Range  of  cutting  speeds, 
feeds,  depth  of  cut.  Shape  and  size  of  tools  used.  Report  on  specific 
observations  on  time  of  setting  work,  time  of  forming  and  finishing, 
number  of  pieces  turned  out  per  hour.  Facilities  for  handling  work 
at  the  machine.  Facilities  for  producing  pieces  in  quantity.  Hand 
processes  for  finishing  and  tools  used. 

Pattern  Shop.  Materials  of  which  patterns  are  made  and  methods  of 
treating.  Machine  tools  used  in  the  pattern  shop  arrangement,  capaci- 
ties, adaptability,  handling  and  storing  of  material  and  finished 
product. 

Foundry  and  Forge.  Description  of  hand  and  machine  tools  and  ap- 
pliances used  in  the  foundry  and  forge.  Compositing  and  treatment  of 
foundry  sands.  Methods  of  molding.  Time  involved.  Methods  of 
powering,  venting  and  chilling,  cooling  and  finishing,  handling  the 
cupola.  Composition  of  the  charges  and  mixtures,  temperatures,  pres- 
sures, time  required  to  charge,  to  melt,  to  pour,  cool  and  clean.  Appli- 
ances in  the  forge  shop.  Operation  of  power  hammers,  bull-dozers, 
shears,  heating  and  annealing  furnaces  and  hand  processes  of  forging. 
Time  involved  in  production. 

Drafting  Room.  Standards  and  conventions  used.  Filing  and  mark- 
ing of  drawings  and  recording  of  patterns.  Bills  of  material — parts  to 
be  made — standard  parts  in  stock. 

General  Management  and  Organization.  Methods  of  recording  time 
of  workmen  and  their  time  distribution  over  on  different  jobs.  Paying 
of  men,  methods,  rates,  forms  and  records  used.  Drawing  of  mate- 
rials used  from  storeroom  and  charging  to  orders. 

Pre-requisite  course  is  second  year  shop  work. 

96S— Power  Plant  Summer  Work.     Professor  Lucke. 

Report  based  on  not  less  than  six  weeks'  practical  work  in  an  Op- 
erating Power  Plant,  including  the  Output,  Load  Conditions,  Labor 
and  Material  for  Operation  and  Maintenance,  Operating  Cost  per  Unit 
and  the  Essential  Dimensional  Relations  between  the  Various  Units 
and  Auxiliaries  Producing  this  Result — This  work  is  done  entirely  by 
the  student  in  the  field,  his  only  assistance  being  the  blank  report  form 
which  is  put  in  his  hands  after  a  brief  lecture  on  leaving  the  Univer- 
sity for  the  vacation.  Third  year  Mechanical  Engineering. 
Pre-requisite  courses:   M.  E.   17-18,  31-32. 

Graduate  Courses 
201-202 — Research.     Professors  Lucke  and  Rautenstrauch. 
Special  problems  and  original  investigations  in  advanced  mechanical 
engineering  with  conferences,  laboratory  work,  and  design  as  required. 
Pre-requisite:  All  courses  offered  in  department  of  Mechanical  Engineering. 

203-204 — Mechanics  of  the  Steam  Turbine.     Professor  Lucke. 
Advanced  course  based  on  M.  E.  53,  using  Stodola,  The  Steam  Tur- 
bine as  a  text,  consisting  principally  of  problem  solution. 
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205-206-Vibration  in  Machines.    Professor  Rautenstrauch. 
Forces  due  to  rotation  of  masses  irregularly  distributed  in  one  plane; 
balancing  of  rotating  systems  by  one  or  more  new  masses ;  rotation  in 
severa   planes  rotating  couples ;  inertia  effects  of  reciprocating  masses; 
syItemsPwith   both   rotating  and   reciprocating   and    irregular    moving 
masses;    vibration    of    supports    and   framing;    vibration    of    building, 
synchronism  of  period  of  building  with  period  of  machine. 
207-208-Advanced  Machine  Design.     Professor  Rautenstrauch. 
Design   of   special  machinery   for  specific   processes,    automatic  ma- 
chinery for  rapid  production  of  parts,  and  machinery  for  improving  ex- 
isting processes  of  manufacture. 

METALLURGY 
101-General  Metallurgy.  3  hours  first  half  of  term.  Dr.  Kern. 
An  introduction  to  general  metallurgy ;.  consideration  of  the  methods. 
Object  of  the  metallurgist,  and  application  of  physics  and  chemistry 
to  he  extraction,  and  to  the  treatment  of  the  commoner  metals.  Gen- 
eral classification  of  processes  Classification  of  fuels,  and  the  selec- 
tion of  the  most  suitable  fuels  for  certain  purposes.  The  calorinc 
value  and  the  temperature  of  combustion,  of  fuels.  Preparation  of 
charcoal  and  coke,  and  the  recovery  and  utilization  of .their  by-prod- 
ucts Artificial  gaseous  fuels,  their  preparation  and  metallurgical 
utilisation  Properties  of  gases,  and  the  metallurgical  application  of 
the  Taws  of  gases.  Classification  of  furnaces,  and  the  types  of  furnaces 
for  specific  purposes.  Refractory  materials,  and  their  use  m  the  con- 
sLcTon  of  furnaces.  Transmission  of  .heat  and  the  thermal  efficiency 
of  furnaces.  Calculation  of  height,  sectional  ar1eas;.caPfocltypat^l1^ 
of  chimneys.  Fuel  economizers,  and  their  application  to  metallurgical 
furnaces.    High  temperature  measurements 

Third    year    students    in    Metallurgical    Engineering       Fourth    year 
students,  Mining  Engineering,  Chemical  Engineering  and  Chemistry. 
Pre-requisite:    Chemistry  3-4  and  Physics  3-4. 

in— Metallurgy  of   Copper.     3  hours,   second  half  of  term.     Dr. 

Kern. 

The  production  of  copper,  its  uses,  and  consumption.  Properties 
of  copper  and  its  alloys.  The  ores  of  copper,  and  distribution.  Char- 
acteristics of  ores  of  the  principal  districts.  Sampling,  and  Prepara- 
tion of  copper  ores  for  treatment,  and  cost  of  different  methods  of 
sampling.  General  outline  of  the  metallurgy  of  copper  Roasting  of 
copper  ores;  purposes;  chemistry;  and  methods  of  roasting.  The  ad- 
vantages, disadvantages,  and  comparative  cost  of  roasting  processes 
Introduction  to  smelting  copper  ores  in  reverberatory,  and  m  blast 
furnaces.  Composition,  physical  properties,  and  characteristics  ot 
furnace  products :  blister  copper,  black-copper,  mattes,  speiss,  slag,  and 
flue-dust.  Smelting  in  reverberatory  furnaces;  construction  of  rever- 
beratory smelting  furnaces,  their  capacity  and  efficiency.  Calculation 
of  reverberatory  furnace  charges.  Converting  of  copper  matte  in  re- 
verberatory furnaces.  Smelting  of  copper  ores  in  blast-furnaces.  Cal- 
culation of  blast-furnace  charges.  "Pyrite"  or  Raw  Ore  Smelting. 
Converting  of  copper  matte  by  the  Mahnes  process.  Apparatus  re- 
quired for  converting  copper  matte.  Refining  01  blister  copper,  black- 
copper,  and  cement-copper.  Smelting  of  typical  copper  ores,  produc- 
ing ingot  copper;  the  handling,  and  the  disposition  of  the  furnace 
products;  cost  of  treatment 
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Third  year  students  in  Metallurgical  Engineering.  Fourth  year 
students  in  Mining  Engineering,  Chemical  Engineering  and  Chemistry. 

Prc-requisite:    Metallurgy  101. 

1 1 8— Metallurgy  of  Copper,     i  hour.     Dr.  Kern. 

Advanced  Course.  Treatment  of  low-grade  ores,  and  of  copper- 
silver  ores  by  leaching.  Recovery  of  copper  from  mine-water.  Util- 
ization of  furnace-gas  for  the  production  of  sulphuric  acid,  treatment 
of  copper-nickel  ores.  Metallurgical  calculations  of  roasting  opera- 
tions Application  of  thermo-chemistry  to  roasting  and  smelting,  and 
to  calculations  of  furnace  efficiencies.     Purchasing  of  copper  ores  and 

fluxes.  , ,      „       •     ,  t- 

Fourth  year  students  in  Metallurgical  Engineering. 

Pre-requisite:    Metallurgy  111. 

122— Metallurgy  of  Lead,  Silver,  Gold  and  Zinc.  3  hours.  Pro- 
fessor Walker. 

Metallurgy  of  Lead— Properties  of  lead,  its  compounds  and  alloys. 
Classification  of  ores.  Production  and  uses  of  lead.  Outline  of  the 
metallurgical  treatment  of  lead  ores.  Smelting  in  the  reverberatory  fur- 
naces ;  in  the  ore-hearth.  Blast  furnace  practice  for  smelting  lead  ores. 
Roasting  in  hand  and  mechanical  furnaces.  Various  pot-roasting  proc- 
esses and  sintering  machines.  Smelting  operations;  construction  of  fur- 
naces; calculation  of  charge;  disposition,  handling  and  treatment  of 
bv-products.  Desilverization  of  lead  bullion.  Influence  of  impurities 
and  elimination  of  same.  Cupellation  of  rich  lead  alloys  and  ores. 
Treatment  of  Dore. 

Metallurgy  of  Silver.  Its  properties,  compounds,  alloys,  etc.  Direct 
amalgamation  of  silver  ores.  Hydro-metallurgical  processes  for  treat- 
ment of  silver  ores:  Ziervogel,  Patera,  etc. 

Metallurgy  of  Gold.  Properties,  etc.  Amalgamation  of  gold  ores 
Chlorination  processes.  Cyaniding  of  gold  ores;  laboratory  tests,  and 
chemistry  of  the  process;  modern  practice,  description  of  existing 
plants.     Refining  and  parting  of  gold  and  silver  bullion. 

Metallurgy  of  Zinc.  Properties,  ores,  etc.  Calcination  and  roast- 
ing of  zinc  ores.  Retorting  furnaces.  Manufacture  of  retorts ;  re- 
torting practice  and  chemistry  of  same      Refining  of  zinc. 

Third  year  students  in  Metallurgical  Engineering.  Fourth  _  year 
students  in  Mining  Engineering,  Chemical  Engineering  and  Chemistry. 

Pre-requisite:    Metallurgy  111. 

128— Metallurgy  of  Lead,  Silver,  Gold,  Zinc  and  the  Minor  Metals. 
1  hour.    Professor  Walker. 

Advanced  Course.  Methods  of  receiving  and  sampling  different 
classes  of  ore.  Purchasing  of  ore  of  varying  compositions.  General 
construction  of  furnaces,  and  design  of  smelting  plants.  Organization 
of  smelting  plants;   metallurgical  bookkeeping,   cost   sheets,   etc. 

Fourth  year  students  in  Metallurgical  Engineering. 
Pre-requisite:    Metallurgy  122. 

131— Metallurgy  of  Iron  and  Steel.  2  hours,  first  half  of  term. 
Professor  Campbell. 

Manufacture  of  iron  and  steel.  Blast  furnace.  Puddling.  Cementa- 
tion.     Crucible    process.      Bessemer    process.      Open    hearth    process. 
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Statistics.  Iron  and  steel  casting.  Effect  of  heat  treatment.  Effect 
of  mechanical  treatment.  Malleable  cast  iron.  Standard  specifications. 
Constitution  of  iron  and  steel.  Relation  to  physical  properties. 
Change  of  structure  with  heat  and  mechanical  treatment.  Alloy  steels. 
Corrosion. 

Fourth  year  students  in  Mining  and  Metallurgical  Engineering  and 
Chemistry.     Third  year  students  in  Chemical  Engineering. 

Pre-requisite:     Chemistry    3-4    and    Physics    3-4.     Pre-requisite    or    parallel: 
Metallurgy  101. 

134— Metallurgy  of  Iron  and  Steel.  2  hours.  Professors  Walker 
and  Campbell. 

Introduction,  literature,  scheme  of  iron  and  steel  manufacture.  Def- 
initions :  iron,  steel,  cast  iron,  etc.  Relations  of  carbon  and  iron.  De- 
velopment of  the  industry.  The  blast  furnace,  iron  ores,  fuels,  fluxes, 
smelting  practice,  products.  Processes  for  purification  of  pig  iron. 
Manufacture  of  wrought  iron  and  crucible  steel.  Puddling,  charcoal 
hearths,  fineries.  Cementation,  blister  steel.  _  Crucible  process.  Bes- 
semer process,  acid  and  basic.  Siemens-Martin  or  Open  Hearth  proc- 
ess, acid  and  basic:  fuels  and  regeneration.  Defects  in  ingots  and 
other  castings.  Iron  and  steel  founding.  Mechanical  treatment  of 
steel,  forging,  rolling.  Heat  treatment  of  steel.  Heat  treatment  of 
cast  iron.  Malleable  cast  iron,  cupola  and  air  furnace.  Alloy  steels; 
nickel ;  vanadium ;  manganese ;  chrome ;  tungsten,  etc.  Self-harden- 
ing, high-speed  steels. 

Practical  metallography  of  iron  and  steel.  Macroscopic  examination 
Microscopic  examination  of  wrought  iron,  pipe  steel,  low  carbon  and 
structural  steel.  Shafting,  etc.  Medium  and  high  carbon,  rails  and 
tires.  Tool  steels.  Cast  irons.  Comparison  of  good  with  bad  mate- 
rial. Relation  between  structure  and  properties.  Corrosion.  Stand- 
ard specifications.     Electrometallurgy  of  iron   and   steel. 

Second  year  students  in  Civil,  Electrical,  and  Mechanical  Engineer- 
ing. 

Pre-requisite:    Chemistry  3-4  and  Physics  3-4. 

138 — Metallurgy  of  Iron  and  Steel.     1  hour.     Professor  Campbell. 

Advanced  Course.  A  detailed  study  of  the  constitution  of  iron  and 
steel  and  the  effects  of  heat  and  mechanical  treatment  upon  the  constit- 
uents. Discussion  of  the  various  processes  of  manufacture  of  iron  and 
steel,  alloys  steels,  etc.  The  iron  and  steel  industry  of  the  United 
States,  Germany,  England,  and  other  countries.  Standard  methods  of 
testing. 

Fourth  year  students  in  Metallurgical  Engineering. 
Pre-requisite:    Metallurgy  131. 

141 — Electrometallurgy.    2  hours,  second  half  of  term.    Dr.  Kern. 

Theory  of  the  electric  current,  and  its  application  in  the  treatment 
of  ores,  refining  of  metals,  and  production  of  refractory  alloys.  The- 
ory of  electrolysis;  determination  of  efficiency.  The  solution  pressure 
series  of  the  metals,  and  its  application  in  the  refining  of  copper,  lead, 
iron,  nickel,  antimony,  tin,  zinc,  gold,  and  silver.  Electrolytic  refining 
of  copper.  Electrolytic  refining  of  lead.  Treatment  of  anode  residual. 
Parting  of  silver  and  gold  by  electrolysis.  Refining  of  gold  alloys. 
Electrolysis  of  fused  electrolytes:  production  of  aluminum;  treatment 
of  sulphide  ores,  etc.  Electric  furnaces  used:  for  smelting  ores,  for 
refining  metals,  and  for  manufacture  of  refractory  alloys.  Efficiency 
of  electric  furnaces;  cost  of  constructing  and  maintaining. 
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Fourth  year  students  in  Mining  and  Metallurgical  Engineering,  and 
Chemistry.     Third  year  students  in  Chemical  Engineering. 

Fre-requisite:    Chemistry   3-4   and    Physics    3-4. 

148 — Electrometallurgy.     1  hour  conference.     Dr.  Kern. 

Advanced  Course.  Construction  of  electrolytic  refineries;  calcula- 
tions of  current,  and  power  efficiencies.  Selection  of  most  suitable  elec- 
trolyte, and  most  economical  current  density.  Labor-saving  appli- 
ances. Electrolytic  deposition  of  copper,  lead,  zinc,  nickel,  gold  and 
silver  from  solutions  obtained  by  leaching  their  ores.  Production  of 
solid  deposits,  and  laws  governing  the  same.  Role  of  current  density 
in  the  electrolysis  of  aqueous  and  fused  electrolytes,  and  in  the  opera- 
tion of  electric  furnaces. 

Fourth  year  students  in  Metallurgical  Engineering. 
Pre-requisite:     Metallurgy  141. 

151— Constitution  and  Properties  of  Alloys.  2  hours.  Professor 
Campbell. 

Pyrometry  and  freezing  point  or  cooling  curves.  Various  types  of 
curves  and  their  meaning.  Examples  of  the  same.  Constitution  of 
the  various  binary  alloys.  Methods  of  manufacture  of  commercial  al- 
loys. Ternary  alloys.  The  phase  rule.  Change  of  structure  in  the  solid 
state,  pure  metals,  alloys,  bronze,  brass,  steel.  Methods  of  metal- 
lographic  research. 

Fourth  year  students  in  Metallurgical  Engineering. 
Pre-requisite :    Metallurgy    111;    Parallel    Metallurgy    131. 

155-6— Metallography.    Iron,    Steel   and   Industrial   Alloys.     Six 

lectures  and  3  or  more  afternoons  laboratory.     Professor  Campbell. 

Methods  of  examination.  Comparison  of  good  and  bad  material; 
wrought  iron,  low  carbon  steel,  structural  steel,  rail  steel,  tool  steel, 
etc.  Examination  of  brasses,  bronzes,  bearing  metals  and  other  indus- 
trial alloys.  Relation  between  chemical  composition,  physical  prop- 
erties and  microstructure. 

Course  for  students  in  Mechanical  Engineering,  and  for  special 
students. 

Pre-requisite:    Metallurgy  131    or  134. 

158 — Advanced  Course  on  Constitution  and  Property  of  Alloys. 
1  hour.     Professor  Campbell. 

Pre-requisite:    Metallurgy  151. 

62 S — Summer  Course  in  Non-Ferrous  Metallurgy.    Dr.  Kern. 

For  description  see  page  37.  1  week  field  work  at  metallurgical 
plants  during  the  summer. 

Instruction  for  this  field  work  will  be  given  in  five  one-hour  con- 
ferences during  the  last  week  in  April. 

Third  year  students  in  Mining  Engineering. 

64S — Summer  Course  in  Ferrous  Metallurgy.  Professor  Campbell. 
For  description  see  page  37.     Third  year  students  in  Metallurgical 
Engineering. 

Pre-requisite:    Metallurgy  101. 

66S — Summer  Course  in  Non-Ferrous  Metallurgy.     Dr.  Kern. 

For  description  see  page  37.  Third  year  students  in  Metallurgical 
Engineering. 

Pre-requisite:    Metallurgy  122. 
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72-Metallurgical  Laboratory.     10  consecutive  afternoons,  second 
term.     Professor  Campbell  and  Dr.  Kern.  # 

Calibration  of  Le  Chatelier  pyrometer.     Cyaniding  and  ch\onnaUon 
of  gold  ores.     Roasting  of  copper  matte,  and  use  of  pyiometer  .     De 
silverizing    of   base   bullion   by    Parke's   process.      Microscopic   metal- 
lography.    Thermal  treatment  of  steels.  . 

Fourth  year  students  in  Mining  and  Chemical  Engineering. 
Pre-requisite:    Metallurgy   111.     Parallel:  Metallurgy  122. 

78— Thesis. 

Required  of  students  in  Metallurgical  Engineering. 
Pre-requisite:  Metallurgy  122,  131,  141,  171. 

i7i-Metallurgical  Laboratory.    2  afternoons.    Professor  Campbell 

and  Dr.  Kern.  . 

Calibration  and  comparison  of  thermo-electric,  optical  and  radiation 
pyrometers.  Determination  of  the  calorific  power  of  fuels  by  the 
Mahler-Berthelot  calorimeter.  Microscopic  study  of  metals  andallg*. 
Thermal  and  mechanical  treatment  of  steels  and  cast  iron.  Roasting 
of  copper  matS  and  use  of  pyrometer.  Production  of  blister  copper 
bv  the  reaction  process.  Refining  of  blister  copper  Desilvenzation  of 
base  bullion  by  Parke's  process.  Cyaniding  of  gold  and  silver  ores 
Chlorination  of  gold  ores.  Electrolytic  refining  of  copper  and  lead 
bullion      Fusibility  of  slags  and  refractory  materials. 

Third  year  students  in  Metallurgical  Engineering. 
Parallel:    Metallurgy  101  and  111. 

173-174— Metallurgical  Laboratory. 

WH1  work  along  the  lines  indicated  under  the  head  of  Metallurgy 
201*202  This  work  s  intermediate  between  that  of  Metallurgy  171 
and  201-202  and  is  designed  for  those  desiring  to  take  an  advanced 
metallurgical  laboratory  course  without  confining  themselves  to  special 
research  work.  r 

175-Metallurgical  Investigation.     1  hour  conferences.     Professors 

Walker  and  Campbell. 
Fourth  year  Metallurgical   Engineers. 
Pre-requisite:   Metallurgy  122. 
Pre-requisite  or  parallel:    131,  141. 

177-Metallurgical  Plant  Construction.     Professors  Walker  and 

Campbell  and  Dr.  Kern.  .  i 

General   design   of  metallurgical  plants  and   problems  entering   into 

th|S5r^rk  iSSed  to  each  student,  which  is  carried  on  under 
direct  and  constant  supervision  in  the  drafting  room  and  laboratories. 
The  experience  gained  in  visits  to  metallurgical  plants  is  brought  into 

practical  use.  . 

Fourth  vear  Metallurgical  Engineers.  

Pre-requisite:  Drafting  3-4,  7-8;  Civil  Engineering  53;  Metallurgy  122,  64S 
and  66S. 

Graduate  Courses 

c««^r,1  rntiriM    consisting  of  original  research,  will  be  arranged  for 
Special  courses,  con^mg  o         «       individuai  needs  and   abilities. 

^ratories   but others  will  consist  of  study,  and  still  others  of  work  in 
industrial  establishments. 
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The  amount  of  time  required  for  these  courses  is  governed  by  the 
rule  that  a  course  or  courses  should  be  taken  for  one  year  and  occupy 
\2  hours  a  week  (preparation  included)  if  taken  as  a  major  subject, 
and  6  hours  a  week  if  taken  as  a  minor  subject  for  a  degree  of  A.M. 
For  the  degree  of  Ph.D.  at  least  two  years,  graduate  work  and  special 
investigation,  is  required. 

The  following  list  shows  what  subjects  are  suited  to  these  courses: 

201-202  (a) — Advanced  work  on  some  problem  in  general  metal- 
lurgy, as   for  example: 

In  Calorimetry:  Determination  of  the  calorific  power  of  fuels,  or 
testing  some  law  in  calorimetry; 

In  Pyrometry:  Determination  of  the  temperatures  of  metallurgical 
and  other  industrial  high-temperature  operations; 

On  Refractory  Materials:  Their  resistance  to  heat  and  corrosion; 
their  tendency  to  slack;  their  contraction  and  expansion,  etc.; 

On  Slags :  The  formation  points,  melting  points,  flowing  points,  and 
their  density  and  viscosity  when  molten; 

(b) — In  the  Metallurgy  of  Copper: 

The  chemistry  of  roasting  processes,  such  as  the  elimination  of 
arsenic  and  sulphur ;  chloridizing  and  sulphate  roasting,  etc. 

The  reactions  of  smelting  processes; 

Wet  methods  of  extraction ; 

(c)—  In  the  Metallurgy  of  Lead,  Silver,  Gold,  etc.: 

The  pot-roasting  of  sulphides,  and  others  mentioned  above  under 
(b); 

((f)— In  the  Metallurgy  of  Iron  and  Steel: 

The  chemistry  of  the  blast  furnace; 

The  chemistry  of  the  basic  dephosphorizing  processes; 

The  heat  treatment  of  iron  and  steel:  its  physical,  crystallographic 
and  chemical  effect; 

The  components  and  constitution  of  iron,  steel,  and  alloy  steels; 

O)  —  In  Electro-metallurgy:  Testing  electro-metallurgical  principles, 
refining,  extraction  and  depositing  process; 

(f)—  On  Alloys:  The  constitution  and  properties  of  alloys,  embrac- 
ing a  microscopic,  pyrometric  and  mechanical  or  physical  examination 
with  a  correlation  of  the  results; 

(g)—  In  Metallography:  Metallography  of  iron,  steel,  industrial  al- 
loys or  metallurgical  products,  as  mattes,  slags,  etc. 

Pre-requisite  for  201-202:   Metallurgy  122,  131,  141  and  171,  or  equivalent. 
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i— Descriptive  and  Determinative  Mineralogy.  6  hours  lectures. 
9  hours  laboratory.    Professors  Moses  and  Luquer  and  Assistants. 

The  elements  of  crystallography.  The  blowpipe  analysis  of  ores  and 
other  substances.  The  study  of  the  important  minerals,  the  purpose 
being:  ist.  Sight  recognition  of  average  specimens  of  all  common  or 
economically  important  species;  2d.  Rapid  determination  of  the  less 
characteristic  specimens  by  simple  tests;  3d.  Familiarity  with  eco- 
nomic characters. 

Pre-requisite:     Entrance  requirements  in   Chemistry  and  Physics. 
Prescribed  course  for  students  in  Mining. 

5— The  Minerals  of  Building  Stones.  2  hours  lectures  and  1  after- 
noon laboratory.     Professor  Luquer  and  Assistant. 
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Study  of  common  species,  their  properties,  methods  of  determination, 
and  their  economic  effect  on  building  stones. 

Prescribed  for  students  in  the  course  of  Civil  Engineering. 
6-Optical  Mineralogy.    In  sections,  2  afternoons  per  week  for  first 
seven  weeks  of  term.     Professor  Luquer  and  Assistant. 

Principles,  apparatus,   and   distinguishing  characters  of  minerals  in 
thin  sections.     Consists  principally  in  the  determination  of  minerals  in 
rock  Sons  by  the  aid  of  the  polarizing  —cope j     Supplemeni 
Courses  5  and  1  and  is  preliminary  to  Geology  4    (petrography). 
Pre-requisite:    Course  5,  or  part  of  Course  1,  or  its  equivalent. 
Prescribed  for  students  in  Mining. 

7-Descriptive  and  Determinative  Mineralogy.  6  hours  lectures, 
6  hours  laboratory. 

Modification  of  Mineralogy  1.  Lectures  identical,  laboratory  work 
condensed. 

Prescribed  course  for  students  in  Metallurgy. 

15-16-Mineralogy.  3  hours  laboratory.  Professor  Moses  and 
Assistant. 

Sight  recognition  and  determination  of  minerals  important  in  the 
chemical  industries. 

Pre-requisite:    Chemistry  A  and  Physics  A. 

Prescribed  for  students  in  Chemistry  and  Chemical  Engineering. 

MINING 
Undergraduate  Courses 

51-Excavation  and  Tunneling.  3  hours,  first  half  third  year. 
Professor  Peele. 

Excavation  of  earth:  tools  and  methods  employed  support  of  exca- 
vations, special  methods  for  quicksand  and  other  water-beariM  mate- 
rial; steam  shovels  and  other  mechanical  exca vators;  handling  and 
transportation  of  excavated  material;  comparative  cost s  Exp  osives 
black  powder,  nitro-glycerine  and  its  compounds,  and  other -high  ex 
plosives;  their  composition,  manufacture,  and  use.  Excavation  of  rock, 
methods  of  drilling  and  blasting,  mammoth  blasts,  submarine ^  blasting. 
Railroad  tunnels :  methods  of  driving  and  timbering  J  "ng  asd 
transportation  of  excavated  material;  drainage  and  ventilation,  lining 
of  tunnels,  submarine  tunnels.  Mine  tunnels ;  examples  from  practice; 
sizes,  details  of  driving,  timbering,  rates  of  advance  and  costs. 

'  Required  of  students  in  the  course  of  Mining  Engineering.  .  d 

Pre-requisite:     Entrance     requirements     in     Mathematics,     Chemistry,     ana 
Physics. 

52-Boring  and  Shaft  Sinking.     2  hours,  second  half  third  year. 
Professor  Peele. 

Boring:  methods  and  appliances  for  small  depths  and  for  deep  bor- 
ing; rod  boring  and  cable  tool  or  oil-well  method  jbonng  with  core 
drills,  for  prospecting  and  other  purposes;  survey  of  bore-holes     Shaft 
sinking:   methods  and  tools  employed   in   soft  material  and  in  rock 
sinking  linings  or  drop-shafts,  freezing  and  other  special  methods  of 
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sinking  in  soft  water-bearing  formations;  drainage  of  shafts;  handling 
and   hoisting   of  excavated   material.     Shaft   timbering,    walling,    tub- 
bing, and  other  forms  of  lining.     Costs  of  shaft  sinking. 
Required  of  students  in  the  course  of  Mining  Engineering. 
Pre-requisite:    Mining  51. 

53— Excavation,  Tunneling,  Boring  and  Shaft  Sinking.  3  hours, 
first  half  second  year.    Mr.  Judd. 

A  condensation  of  courses  51  and  52,  in  which  attention  is  given  only 
to  those  operations  that  are  of  special  interest  to  the  civil  engineer. 
Excavation  and  transport  of  earth  for  structural  purposes  and  railroad 
grading;  steam  shovels  and  dredges.  Explosives.  Excavation  of  rock; 
methods  of  drilling  and  blasting;  submarine  blasting;  railroad  tun- 
nels; quarrying;  testing  for  foundations  in  earth,  rock  and  watery 
material;  well  drilling;  shaft  sinking  by  usual  and  special  methods. 

Required  of  students  in  the  course  of  Civil  Engineering. 

Pre-requisite:    Entrance  requirements  in  Mathematics,  Chemistry  and  Physics. 

54— Exploration,  Development,  and  Methods  of  Working.  3  hours, 
second  half  third  year.     Professor  Munroe. 

Mineral  deposits,  characteristics  of  beds,  masses,  veins,  and  other 
deposits,  and  the  irregularities  and  disturbances  to  which  they  are 
subject,  as  affecting  the  work  of  exploration  and  mining.  Examination 
and  survey  of  mineral  properties;  relation  of  topography  to  geological 
structure;  construction  of  maps  and  sections;  and  tracing  of  probable 
outcrops  as  a  guide  to  exploration.  Prospecting  by  ditches,  pits,  and 
deep  boring.  Development;  choice  of  methods;  location  of  openings. 
Working  of  deposits  and  support  of  excavations ;  theoretical  considera- 
tions, methods  of  breaking  ground  in  coal  and  metal  mining,  and  sup- 
port of  mine  excavations  by  pillars  of  mineral,  by  timbering,  by 
masonry,  and  by  rock  filling;  methods  of  working  applicable  to  de- 
posits of  different  thickness,  inclination,  and  character.  Coal  mining; 
vein  mining;  working  of  thick  deposits  and  soft-ore  bodies.  Salt  min- 
ing.    Surface  workings.     Hydraulic  mining  and  gold  dredging. 

Required  of  students  in  the  courses  of  Mining  and  Metallurgical 
Engineering. 

Pre-requisite:  Geology  5-6.  Pre-requisites  or  parallels:  Geology  105-106 
Mining  51  and  52. 

Accepted  together  with  Mining  81  and  82,  or  with  Mining  56  and  91,  as  a 
minor  for  the  degree  of  A.M. 

56— Mine  Engineering.    3  hours,  fourth  year.    Professor  Munroe. 

Ventilation ;  air  of  mines ;  mine  gases ;  methods  of  ventilation ;  con- 
trol and  measurement  of  air  currents.  Drainage:  sources  of  mine 
waters;  methods  for  the  control  and  raising  of  water;  dams;  drain- 
age levels.  Water  supply.  Surface  handling  and  transportation;  ar- 
rangements for  loading  and  unloading  cars  and  vessels,  and  for  stor- 
ing of  minerals.  Mineral  railroads.  Common  roads.  Accidents  to 
men  in  shafts,  levels  and  working  places;  fire-damp  and  dust  explo- 
sions; mine  fires;  inundations;  rescue  and  relief  of  men.  Mine  sur- 
veying, mine  maps  and  models.  Examination,  sampling  and  valuation 
of  mines 

Required  of  students  in  the  course  of  Mining  Engineering. 

Pre-requisites  or  parallels:    Mining  54  and  71-72,  Civil  Engineering  76  and  28 
Accepted  together  with  Mining  54  and  91,  as  a  minor  for  the  degree  of  A.M. 

71-72— Mine  Plant.    3  hours,  fourth  year.     Professor  Peele. 
Description  and  critical  discussion  of  the  machinery  and  appliances 


n6  MINES,  ENGINEERING  AND  CHEMISTRY 

employed  in  the   equipment  of  mines;   design    erection   and &  care .of 
nlant    Hoisting:    engines,    drums,    wire   rope,    skips   and   cages,   neaa 
?amesfXTation  of  power  required  and  ^thods  of  equalizing  the 
load    on    the    engine;    shaft-sinking    plant     over-™^tHn^ra;nnadger: 
buckets,    tanks    and    hand-pumps;    Cornish    and    direct-acting    under 
ground  pumps;  operation  of  pumps  by  electricity,  compressed  air,  ana 
nydrauli?  power.     Centrifugal  pumps      Ventilation:  unde .ground  fur- 
naces  positive  blowers,  and  centrifugal  fans ;  theory  and  efficiencies  01 
fans      A      compressors:   simple  and  compound    (stage)    compression; 
methods   of  dealing  with   heat   of   compression ;   conveyance  of  com- 
bed air  in  oioes'  reheating;  operation  of  machinery  by  compressed 
ah ^    effici  ncks^achine  drills;  Soal-mining  machines  or  coal-cutters 
Handing mineral   in   working    places.     Mine  cars ;    arrangement   and 
Sn^rucfion  of  tracks.     Underground  haulage;  hand  tramming ;  mule 
haulaee  ■   gravity  roads ;   steam,   compressed-air,   and   electric   locomo 
UvesTropf  haulage;  efficiencies;  comparison  of  systems  of  haulage 
Required  of  students  in  the  course  of  Mining  Engineering.    _ 

73-Mine  Constructions,     i  hour,  fourth  year.    Professor  Peele^ 
Building-stones-    bricks;    limes;    cements    and    concretes.      Founda- 
tions fn Tartu"  soils ;  retaining  walls;  masonry  and J^  «*™£ 
tion,  with  special  reference  to  mine  work;  mine  buildings,  tiestles, 

Quired   of   students   in  the   courses   of   Mining  and   Metallurgical 

^^Tce^ed  together  with  Mining  71-72  and  75,  or  with  Mining  81,  82  and  75, 
as  a  minor  for  the  degree  of  A.M. 

75-Design  of  Mine  Plant.  4  afternoons,  fourth  year.  Professors 
Peele  and  Kurtz  and  Mr.  Judd. 

The  students  are  assigned  problems  in  the  design  and  construction 
of  mme  Plant  in  connection  with  the  development  .of  a  mine.  This 
work  supplements  the  lectures  on  the  design  of  mining  machinery,  in- 
volvU^adTng  and  study,  and  the  preparation  of  working  drawing, 

~Ic^ 

assifned     The  work  is  done  under  constant  supervision  and  advice  in 

thRet^^^  -  the  course  of  Mining  Engineering. 

Pre-requisite:  Drafting  3-4,  7-8,  Civil  Engineering  53.  Parallel:  Mining 
71  Accepted  together  with  Mining  71-72  and  73,  or  with  Mining  81,  82  and  73, 
as  a  minor  for  the  degree  of  A.M. 

77-78-Graduating    Thesis    or    Project.      Professor    Peele    (see 

^Required  of  students  in  the  course  of  Mining  Engineering. 
Pre-requisites  or  parallel:    All  the  required  courses  in  Mining. 

80-Mill  Constructions.     1  hour,  fourth  year.     Professor  Kurtz. 

Installation  and  operation  of  mechanical  power  transmission  and 
aiixi Harv  machfnery°n  works  for  the  mechanical  treatment  of  minerals. 
DeatTS  shafting,  bearings,  pulleys,  belting,  rope  drives,  gearing, 


etc. 


Pre-requisite:    Mechanical  Engineering  13-14. 
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81— Ore  Dressing,  Milling,  and  the  Mechanical  Preparation  of 
Coal.     4  hours,   fourth  year.     Professor  Munroe. 

The  general  principles  and  theory  of  dressing;  preliminary  opera- 
tions; hand  dressing;  cleansing;  crushing;  jigging  with  and  without 
preliminary  sizing ;  slime  concentration ;  magnetic  and  electro-static 
separation;  oil  and  flotation  processes;  milling  of  gold  and  silver  ores; 
descriptions  of  typical  dressing  works  and  coal-washing  plants  in  this 
country  and  abroad. 

Required  of  students  in  courses  of  Mining  and  Metallurgical  En- 
gineering. 

Pre-requisites:  Mineralogy  1-2,  Physics  3-4.  Pre-requisite  or  parallel: 
Mechanics  102. 

Accented  together  with  Mining  54  and  82,  or  with  Mining  82,  73  and  75  as  a 
minor  for  the  degree  of  A.M. 

82 — Ore-dressing  Laboratory.  Afternoon  work  for  three  weeks, 
fourth  year.     Professors  Munroe  and  Kurtz  and  Mr.  Judd. 

Mechanical  testing  of  ores  by  laboratory  methods;  working  tests 
with  simple  apparatus;  adjustment  and  operation  of  concentrating 
machines. 

Required  of  students  in  the  courses  of  Mining  and  Metallurgical 
Engineering. 

Pre-requisite  or  parallel:    Mining  81. 

Accepted  together  with  Mining  54  and  81,  or  with  Mining  81,  73  and  75,  as  a 
minor  for  the  degree  of  A.M. 

9i — Mine  Administration.  2  hours,  fourth  year.  Professors 
Munroe  and  Kurtz. 

Administration,  organization,  and  business  management,  mine  ac- 
counts, and  cost  sheets.  Required  of  students  in  the  courses  of  Mining 
and  Metallurgical  Engineering. 

Pre-requisite:     Mining  54.     Parallel:    Mining  56. 

Accepted  together  with  Mining  54  and  56,  as  a  minor  for  the  degree  of  A.M. 

94 — Mining  Law.    2  hours,  fourth  year.    Professor  Kurtz. 

General  principles  of  real  estate  law.     Historical  review  of  mining 
laws  of  various  countries.     Federal  laws,  concerning  locations  on  pub- 
lic lands  of  the  United  States.     State  and  territorial  mining  laws. 
Pre-requisite;    Civil  Engineering  27,    Mining  54. 

95 — Mining  Conference,     i  hour.     Mr.  Judd. 

(Optional.)  Reading  and  discussion  of  papers  by  the  students,  on 
mining  practice  and  based  on  data  accumulated  in  the  course  of  the 
summer  work  in  mining. 


Summer  Courses 

58 — Summer  Class  in  Mine  Surveying  is  held  in  June,  at  a  mine 
in  a  near  locality,  and  lasts  one  week.  Professors  Munroe  and  Kurtz 
and  Mr.  Judd. 

59 — The  Summer  Courses  in  Practical  Mining.     Professors  Peele 
and  Kurtz  and  Mr.  Judd. 
Held  in  June  and  July,  at  some  mine  or  mines  selected  for  the  pur- 
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pose,  in  the  vacation  between  the  third  and  fourth  years,  and  lasts  six 
to  eight  weeks  (for  details  see  pages  29-30). 

Pre-requisites  or  parallels:  Mining  51,   52  and  54,  Civil  Engineering  15,  27 
and  28,  Mechanical  Engineering  13  and  Geology  105-106. 

Graduate  Courses 

Special  courses,  consisting  of  personal  instruction,  reading  and  ex- 
perimental investigation,  will  be  arranged  for  advanced  students  ac- 
cording to  their  individual  needs  and  ability.  These  investigations  will 
be  made  at  mines  and  dressing  works  either  in  connection  with  the 
Summer  class  or  elsewhere  as  assigned,  with  additional  work,  as  re- 
quired, in  the  library  and  in  the  laboratories  of  the  department.  These 
courses  vary  in  difficulty  and  in  the  amount  of  time  necessary,  accord- 
ing as  the  student  is  a  candidate  for  the  degree  of  A.M.  or  Ph.D.,  and 
according  as  he  pursues  mining  as  a  major  or  a  minor  subject.  The 
time  required  is  governed  by  the  rule  that  a  course  or  courses  should 
occupy  about  18  hours  (outside  reading  and  study  included)  per  week 
if  taken  as  a  major  subject,  and  about  9  hours  per  week  if  taken  as  a 
minor  subject.  Any  of  the  following  may  be  offered  as  a  minor  for 
the  degree  of  A.M.  by  students  who  have  had  the  appropriate  pre- 
requisites : 

101-102— Mining  and  Ore  Dressing.  Mining  54,  81  and  82.  4  hours, 
with  laboratory  work  and  reading  as  required. 

103-104— Mining  Engineering.  Mining  54,  56  and  91.  4  hours 
lectures  and  reading  as  required. 

105-106— Design  of  Mine  Plant.  Mining  71-72,  73  and  75.  3  hours 
and  5  afternoons  drafting-room  work. 

107-108— Design  of  Ore-dressing  Works.  Mining  80,  81,  82,  73  and 
75,  with  1  hour  conference  additional  first  half-year.  3  hours  and 
5   afternoons  laboratory  and  drafting-room  work. 

109-1 10— Mining.  All  the  undergraduate  courses  in  the  Department 
of  Mining. 

Under  the  regulations  for  the  degrees  of  A.M.  and  Ph.D.  the  follow- 
ing courses  may  be  offered  by  graduate  students  who  have  had  all  the 
undergraduate  courses  in  mining  or  their  equivalent. 

201-202— Methods  of  Mining.  Critical  study  of  methods  used  in 
some  mining  region,  or  for  a  certain  class  of  deposits ;  output  per  man, 
amount  of  timber  and  explosive  required,  and  other  details  affecting 
cost.  Study  of  conditions  as  determining  choice  of  method.  Deter- 
mination of  loss  of  mineral  in  mining.     Accidents  to  men. 

203-204— Mining  Plant.  Critical  study  of  rock  drilling,  or  coal  cut- 
ting, or  hoisting,  or  haulage,  or  ventilating  plant  at  some  mine  or 
mines.     Determination  of  efficiency  and  conditions  affecting  same. 

205-206 — Deep  Mining.  Study  of  problems  of  deep  mining,  vertical 
versus  inclined  shafts,  hoisting  and  pumping  from  great  depths,  tem- 
perature and  ventilation,  efficiency  of  labor,  rock  pressure  as  affecting 
methods  of  mining  and  timbering. 
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207-208— Ore  Dressing.  Critical  study  of  some  detail  of  the 
ordinary  dressing  methods,  crushing,  or  screening,  or  classification,  or 
jigging,  or  slime  treatment,  or  dry  concentration,  or  magnetic  separa- 
tion, or  milling  of  gold  or  silver  ores,  or  mechanical  preparation  of 
coal.    Determination  of  efficiency,  and  of  conditions  essential  to  success. 

209-210— Examination  of  a  Coal-washing  Plant,  or  of  an  Ore- 
dressing  Plant.  4  to  6  weeks'  work  in  the  mill  and  in  the  laboratory, 
with  conferences. 

211— Examination  of  a  Mineral  Property,  or  a  Mine.  4  to  6  weeks 
devoted  to  field  and  underground  work  in  the  summer  school  of 
practical  mining,  with  conferences  at  convenience  of  professor. 

213-214— Economic  Studies  in  Mining.  Study  of  existing  con- 
ditions affecting  the  production  and  cost  of  some  mineral  or  metal, 
as,  for  example,  anthracite  coal,  copper,  or  gold. 


PHYSICAL  EDUCATION 

A1-A2— Physical  Education.  7  lectures  on  personal  hygiene.  Dur- 
ing the  remainder  of  the  year  2  hours  a  week  of  athletics  and  ele- 
mentary graded  gymnastic  exercises.     Dr.  Skarstrom. 

In  sections. 

B1-B2 — Physical  Education.  7  lectures  on  sanitation  and  personal 
hygiene.  During  the  remainder  of  the  year  2  hours  a  week  of  athletics 
and  graded  gymnastic  exercises.     Professor  Meylan  and  Assistants. 

In  sections. 
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Mechanics  1— Elementary  Mechanics  for  Engineering  Students. 
2   hours    a    week   during   the    first   term.      Professors    Burnside    and 


This  course  is  required  of  all  first  year  students  in  Engineering,  and 
consists  of  recitations  and  problem  work.  A  text-book  is  used  which 
follows  the  algebraic  method  of  analysis  rather  than  the  graphical, 
and  which  does  not  involve  a  knowledge  of  Calculus.  _  Most  of  the  time 
is  devoted  to  Statics,  and  particular  attention  is  paid  to  the  develop- 
ment of  fundamental  principles  by  constant  appeal  to  experience.  The 
solution  of  a  large  number  of  numerical  problems  is  required,  and 
considerable  drill  is  given  in  the  use  of  the  English  engineer's  system 
of  units, 
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Physics  3-4— Elementary  Mechanics  and  General  Physics.  Pro- 
fessors Wendell,  Pegram,  Davis,  Dr.  Webb,  Mr.  Farwell,  Mr. 
Severinghaus. 

Physics  3,  five  hours  a  week  during  first  term. 

Physics  4,  five  hours  a  week  during  second  term. 

This  course  is  required  of  all  first  year  students  in  Engineering  and 
consists  of  lectures  and  recitations.  Physics  3  treats  the  subjects  of 
Elementarv  Mechanics,  Wave  Motion  and  Sound,  three  lectures  and 
two  recitations  each  week.  Physics  4  treats  the  subjects  of  Light,  Heat, 
and  introductory  Electricity  and  Magnetism,  three  lectures  and  two 
recitations  each  week. 

Physics  5— Electricity,  continued  from  Physics  4.  2  hours  a  week. 
Professor  Wendell. 

Pre-requisite :  Physics  4. 

Physics  43-44— Intermediate  Laboratory  Course.  3  consecutive 
hours  of  laboratory  work  twice  a  week  for  one  half-year;  given  each 
half-year.  Professor  Wendell,  Dr.  Morse,  Mr.  Farwell,  Mr.  Sever- 
inghaus, Mr.  St.  John. 

This  course  consists  of  quantitative  experiments,  reports,  and  indi- 
vidual instruction  in  the  laboratory,  and  is  designed  to  familiarize  the 
student  with  the  applications  of  the  fundamental  principles  of  physical 
measurements,  methods  of  computation  and  the  determination  of  the 
precision  of  results. 

Pre-requisite:    Physics  3-4. 

Physics  105— Physical  Measurements.  2  hours.  Professor  Hallock. 

Pre-requisite:     Physics  3-4. 

Critical  discussion  of  physical  measurements  and  computations. 

Mechanics  102— Analytical  Mechanics.  5  hours  a  week.  Professors 
Burnside,  Pegram  and 

A  course  in  the  fundamental  principles  of  the  science  of  Mechanics 
treated  with  especial  reference  to  the  requirements  of  engineers.  The 
unity  and  universality  of  the  science  is  emphasized  and  the  limitations 
of  the  treatment  are  carefully  noted.  Maurer's  Technical  Mechanics  is 
used  as  a  text  and  may  be  supplemented  by  lectures,  notes  and  extra 
problems.  The  class  is  divided  into  small  sections,  so  that  the  daily 
work  consists  of  recitations,  rather  than  lectures,  with  frequent  written 
and  oral  quizzes,  and  the  solution  of  many  numerical  problems  taken 
from  actual  engineering  work. 

The  first  part  of  the  term  is  devoted  to  Statics,  the  graphic  and 
algebraic  methods  of  analysis  being  developed  side  by  side.  Thus  the 
student  is  able  to  solve  the  same  problem  by  either  method,  or  use 
one  solution  as  a  check  upon  the  other.  The  treatment  deals  with  the 
properties  of  forces  as  vector  quantities,  equivalence  of  force  systems, 
composition  and  resolution  of  forces,  theory  of  couples,  and  applica- 
tions to  many  problems. 

The  theory  of  centroids  and  centers  of  gravity  is  developed  both  with 
and  without  the  aid  of  the  Calculus.  The  treatment  of  second  mo- 
ments involves  the  discussion  of  moments  of  inertia  of  areas,  volumes 
and  masses,  products  of  inertia,  principal  axes  and  principal  moments 
of  inertia. 

In  kinematics  and  kinetics,  the  question  of  units  and  dimensions  is 
considered  of  essential  importance,  and  receives  attention  accordingly. 
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Under  kinematics  are  treated  the  general  vector  properties  of  dis- 
placement, velocity  and  acceleration;  rectilinear  and  curvilinear  motion 
of  a  particle,  important  special  motions;  the  graphical  interpreta- 
tion of  position,  displacement,  velocity,  acceleration  and  time  relations; 
and  the  motion  of  a  rigid  body  in  translation,  rotation,  and  any  plane 
motion. 

Under  kinetics  are  considered  the  laws  of  motion,  kinetics  of  a  par- 
ticle, force,  mass,  and  centrifugal  force;  kinetics  of  a  system  of 
particles,  D'Alembert's  principle  applied  to  translation  and  rotation  of 
rigid  bodies,  motion  of  the  mass  center  of  any  system  of  particles; 
kinetic  reactions,  hinge  reactions,  balancing  of  rotating  bodies;  work 
and  energy,  work  diagrams,  kinetic  and  potential  energy,  and  applica- 
tions to  train  resistance,  friction  brakes,  and  efficiency  of  machines; 
impulse   and  momentum,   and  applications. 

Pre-requisite:    Physics  3-4,  Mechanics  1,  and  Mathematics  5. 

Mechanics  ioi — Analytical  Mechanics.  The  same  course  as  Me- 
chanics 102,  but  given  in  the  first  term. 

Mechanics   105— Thermodynamics.     2  hours.     Professor  Wills. 

An  idea  of  the  nature  of  the  course  may  be  obtained  from  the  follow- 
ing topical  headings:  The  nature  of  heat;  thermometry;  calorimetry; 
heat  and  work  diagrams;  the  First  Law;  applications  to  gases,  perfect 
and  actual ;  the  work  of  Carnot ;  the  Second  Law ;  the  Kelvin  absolute 
scale  of  temperature;  the  combination  of  the  two  laws;  application  to 
the  problem  of  change  of  state;  the  properties  of  saturated  and  super- 
heated steam;  theory  of  the  "plug  experiment";  the  flow  of  fluids  from 
orifices. 

Pre-requisite:    Mechanics  102. 

Mechanics  107-108— Theory  of  Electricity  and  Magnetism.  2  hours 
first  half-year,  3  hours  second  half-year.     Professor  Wills. 

The    fundamental    principles   of   electricity   and   magnetism   are    de- 
veloped and  discussed  with  particular  reference  to  the  bearing  which 
they  have  in  relation  to  the  science  of  electrical  engineering.  The  course 
concludes  with  an  introduction  into  the  theory  of  alternating  currents. 
Pre-requisite:    Mechanics  102. 

Mechanics     109— Theory     of     Alternators     and     Transformers. 

4  hours.     Professor  Pupin. 

Pre-requisite:    Mechanics  107-108. 

Mechanics  no — Theory  of  Variable  Currents.  3  hours.  Professor 
Pupin. 

This  course  treats  particularly  of  the  theory  of  polyphase  and  high 
frequency  and  high  potential   currents. 
Pre-requisite:    Mechanics  109. 

Mathematical  Physics  201— Mechanics.    4  hours.    Professor  Wills. 

An  advanced  course  on  Mechanics  developed  with  special  reference 

to  the  general  methods  of  d'Alembert,  Lagrange,  Jacobi  and  Hamilton. 

Mathematical  Physics  205— Electricity  and  Magnetism.  4  hours. 
Professor  Pupin. 

Fundamental  phenomena;  derivation  of  Maxwell's  Equations;  elec- 
trostatics; magnetostatics ;  stationary  states;  variable  states;  dynamical 
phenomena. 
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Mathematical  Physics  2o6-Theory  of  Electrical  Circuits.  4  hours. 
Professor  Pupin. 

Briefly  stated,  this  course  covers  advanced  ^^^^S^i 
the  mathematical  theory  of  generation  and  ^^^.ftto^S 
power  by  variable  electromotive  forces.  It  deals  ™™Jh\£t0Z™_ 
construction  of  alternating  current  generators,  motors,  and  trans 
mrsand  with  the  theory  of  the  const  ruction  o  f  tr«ismg ion  lmes 
for  power  distribution,  telegraphy  and  telephony;  also  with  wireless 
signalling.  .  , 

Mathematical  Physics  au-aia-Partial  Differential  Equat.ons  of 
Physics.    4  hours.     Professor  Wills. 

Laplace's  Equation;  Poisson's  Equation;  Equation  ^  H^^ri^ 
tion;  Telegrapher's  Equation;  Fourier's  Series;  Spherical  Harmonics, 

B  Fo'rotheTcomses  in  physics  and  mathematical  physics  the  student  is 
referred  to  th"  Announcement  of  the  Division  of  Mathematical  and 
Physical  Science. 

SHOP  WORK 

ng  and  for  limited  work  with  sweeps.     A  carpenter -shop  with i  saw^ 
benct.es,  planers  and  tools  for  profile-sawing  is  available  for  working 

keeper^  recording  clock,  and  a  regular  shop  organization  and  atmos- 
phere is  aimed  at. 

i_Wood-turning  and  Pattern  Making.     2  afternoons,  first  term. 
Mr.  Ross. 

ond  year. 


SHOP  WORK  123 

2_Molding  and  Foundry  Practice.  1  afternoon,  second  term.     Mr. 

Sleffel. 

Shopwork,  demonstrations  and  shop  visits.  Bench  molding  with 
type  patterns,  swept  work  in  green  sand  and  loam  and  molding  in  dry- 
sand.     Mechanical  Engineering.     Second  year. 

10S— Machine  Work.     Mr.  Walsh. 

As  below.  Mechanical  Engineering.  Section  I,  three  weeks  in 
June;   Section  II,  three  weeks  in   September.     Second   year. 

Xi — Machine  Work.  2  afternoons,  first  term,  third  year.  Mr. 
Walsh. 

Shopwork,  demonstrations  and  shop  visits.  Practical  work  with  the 
lathe,  planer,  drill,  shaper,  milling  machine,  grinder  and  turret  lathe. 
Assembling,    erection  and   rigger's   work.     Mechanical   Engineering. 

12 Forging.    2  afternoons,  second  term.    Mr.  Sleffel. 

Shopwork,  demonstrations  and  shop  visits.  Management  of  fire,  shap- 
ing, drawing,  upsetting,  swaging,  welding,  tempering  and  die-forging. 
Work  on  drop  and  helve  hammers.  Mechanical  Engineering.  Second 
year. 

I3.I4_Machine  Work.     1  afternoon.    Mr.  Walsh. 

As  above.    Electrical  Engineering.     Second  year. 

i5_Forging  and  Foundry  Practice.  1  afternoon,  first  term.  Mr. 
Sleffel. 

As  above.     Civil  Engineering.     Second  year. 

16— Machine  Work.     1   afternoon,  second  term.     Mr.  Walsh. 

As  above.     Civil  Engineering.     Second  year. 

18S— Pattern-making,  Forging  and  Machine  Work.  Three  weeks  in 
June.     Mr.  Weick,  Mr.  Sleffel  and  Mr.  Walsh. 

As  above.     Chemical  Engineering.     Second  year. 


ZOOLOGY 

7— Sanitary  Biology.    2  hours  and  2  afternoons  laboratory  a  week 
for  6  weeks.     Professor  Calkins  and  Assistant. 

General      principles      of      biology.        Biological      activity— function, 
metabolism,   symbiosis,   etc.;    special   biology — unicellular   animals    and 
plants  of  drinking  waters,  causes  of  trouble,  etc. 
Pre-requisite:    Bacteriology  101. 
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SCHEDULE  OF  PREREQUISITES  FOR  SUBJECTS  UNDER 
THE  FACULTY  OF  APPLIED  SCIENCE 


Subject 
Astronomy 

I05 — Geodesy.  (For  C.  E.) 


1 06 — Geodesy. 
107 — Geodesy. 


(For  C.  E.) 
(For  C.  E.) 


Prerequisite 

Math.  65  (Differential  and  Integral  Cal- 
culus) 
Astron.  105  (Geodesy) 
Astron.  106  (Geodesy) 


Bacteriology 

101— Sanitary     Bacteriology. 
(For      Sanitary  Engineers) 


Chem.  92a  (Miscroscopy) 


Botany 

7_Growth  and  Character  of  Timber 


Chemistry 

3.4 — General  Inorganic 
7-8 — Inorganic 


-Advanced    Inorganic 


21-22— Elementary    Physical    Chem- 
istry 


-Physical   Chemistry 


38— Theoretical  Electro-Chemistry 


23-24— Physical  Chemistry 
41-42— Organic,  lectures 
1 V44— Organic  laboratory 
141-142— Organic,  general 


143-144— Organic,  conferences 
itS— Advanced     Organic.       (For 

Chem.  E.)  . 

6     or  62— Qualitative  Analysis 

Parallel   Chem.    3-4    (General 

65_QuantiTaCtive  Analysis  Inorganic 

66— Quantitative  Analysis  Inorganic 

x g!.  1 62— Quantitative  Analysis  Inor- 

^.x^— Quantitative  Analysis 


Entrance  Chemistry  or  Chem. A 

Chem.  21-22  (Elementary  Physical  Utem- 

Chem.tri63-i64   (Quantitative  Analysis) 
Chem.  83-84  (Industrial  Chemistry) 
Chem.  91-92   (Chemical  Microscopy) 
Chem.  101-102   (Advanced  Inorganic) 
Chem.  171  (Organic  and  Sanitary  Analy- 
sis) 
Chem.  170  (Assaying)  r. 

Chem.  183-184  (Industrial  Electro-Chem- 
istry) ,  .  ,. 
Chem.  3-4  (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Analysis) 
Chem.  3-4  (General  Inorganic) 
Phys.    3-4    (Elementary   Mechanics   and 

General  Physics)  . 

Chem  6s  (Quantitative  Analysis) 
Phy™    3-4  (Elementary  Mechanics   and 

General  Physics) 
Math.  65  (Differential  and  Integral  Cal- 

Chern"  65    (Quantitative  Analysis,  Inor- 

Physga3-4  (Elementary  Mechanics  and 
General  Physics) 

Math.  65  (Differential  and  Integral  Cal- 
culus) 

Chem.  3-4  (General  Inorganic) 
Chem.  41-42  (Organic)  or  parallel 
Chem.      21-22      (Elementary      Physical 

Chemhei6iS-ir62    (Quantitative    Analysis, 

Inorganic)  . 

Chem.  141-142  (Organic) 
Chem.  41-42  (Organic) 

Entrance  Chemistry  or  Chem.A. 


Chem    3-4  (General  Inorganic)         , 
Chem.  61  or  62  (Qualitative  Analysis) 
Chem.  1-4  (General  Inorganic)  . 

Chem.  61  or  62  (Qualitative  Analysis) 
Chem.  3-4  (General  Inorganic)  , 

Chem:  61  or  62  (Qualitative  Analysis) 
Chem  3-4  (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Analysis) 
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Subject 
Chemistry    {Continued)  : 

i67-i68--Ailvanced  Inorganic  Analy- 
sis 

171 — Organic  and  Sanitary  Analysis 
173-174 — Advanced  Organic  Analysis 


176 — Chemistry    of    Food    and    Nu- 
trition 
69  or    170 — Assaying 


160 — Special  Methods  of  Assaying 
Ores,  Alloys  and  Furnace 
Products 

81-82 — Industrial  Chemistry,  gen- 
eral course 

83-84 — Industrial  Chemistry,  special 
course 

85-86 — Industrial  Chemistry,  special 
course  continued 

88 — Industrial  Chemistry,  labora- 
tory practice 

89 — Industrial  Chemistry,  labora- 
tory  practice 

91-92 — Chemical  Microscopy 

92a — Microscopy 

95-96 — Industrial  Chemistry 

97 — Chemical  Factory  Construction 
and  Apparatus 

98 — Chemical  Factory  Apparatus 
and  Machines 

80a — Factory  Inspection  and  Sum- 
mer Memoir.  (For  Chem.  and 
Chem.  E.)      (Second  Year) 

80b — Factory  Inspection  and  Sum- 
mer Memoir.  (For  Chem.  and 
without  memoir  for  Chem.  E.) 
(Third  Year) 

93-94 — Electro-Chemistry 

181  or  182 — Practical  Electro-Chem- 
istry 

183-184 — Industrial  Electro-Chem- 
istry 

Civil  Engineering 

2 — Theory  of  Surveying 

15 — Surveying    (between    First  and 

Second  Years) 
21 — Highway  Engineering 
23 — Theory  of  Railroad   Surveying 
25 — Surveying  (between  Second  and 

Third  Years) 
26 — Surveying  (between  Third  and 

Fourth  Years) 
27 — Surveying  (between  Second  and 

Third  Years) 
28 — Surveying  (between  Second  and 

Third  Years) 
51-52 — Theory    of  Railroad  Survey- 
ing 
53-54 — Elasticity  and   Resistance   of 

the  Materials  of  Engineering 
55 — Standard    Methods     of    Water 

Analysis 


Prerequisite 


Chem.  101-102   (Advanced  Inorganic) 

Chem.  1 21-122  (Physical   Chemistry) 

Cnem.  163-164  (Quantitative  Analysis) 

Chem.  4  1-42  (Organic) 

Chem.  161-162  (.Quantitative  Analysis, 
Inorganic) 

Chem.  171  (Organic  and  Sanitary  An- 
alysis) or  equivalent  work  in  Chem. 
271-272  (Special  methods  of  Or- 
ganic Analysis) 

Chem.  41    (Elementary  Organic) 

Chem.  3-4  (General  Inorganic) 
Chem.  61-62  (Qualitative  Analysis) 
Min.    1    (Descriptive  and   Determinative 

Mineralogy)  or 
'  Min.   7    (Descriptive  and   Determinative 

Mineralogy) 
Chem.  69  or  170  (Assaying) 


Chem.  3-4  (General  Inorganic) 

Chem.  81-82  (Industrial  Chemistry) 

Chem.  81-82  (Industrial  Chemistry) 

Chem.  3-4   (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Analysis) 
Chem.  3-4  (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Analysis) 

Chem.  65    (Quantitative   Analysis,   Inor- 
ganic) 


Chem.  65  (Quantitative  Analysis,  Inor- 
ganic) . 

Chem.  65  (Quantitative  Analysis,  Inor- 
ganic) 


C.E.  2   (Theory  of  Surveying) 

C.E.  15  (Surveying) 
C.E.  15  (Surveying) 

C.E.  25  (Surveying) 

C.E.  15  (Surveying) 

C.E.  23  (Theory  of  Railroad  Surveying) 
C.E.  27  (Surveying) 
C.E.  15  (Surveying) 

Mech.  102  (Analytical  Mechanics) 

Zoology  7  (Sanitary  Biology) 
C.E.  59  (Sanitary  Engineering) 
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Subject 
Civil  Engineering   (Continued)  : 

57a— Statistics  and  Interpretation 
of  Water   Analysis 

S7b — Drainage  of  Marshes  and  Low- 
lands 

58 — Masonry  Structure 

50 — Sanitary  Engineering 
61— Analytical  Theory  of  Trusses 
62 — Graphic  Statics  . 

64— Graphic    Statics     (abridged 

course)  .  , 

7i_ Surveying   (between  Third  and 

Fourth  Years) 

ItZ&SSS.    (For  KM.)    (C.E. 

75  abridged) 
77— Hydraulics.      (For    E.E.) 
78— Hydraulics.     (For  M.E.) 
85 — Foundations 

g7_88_The  Design  and  Construc- 
tion of  Bridges,  Roofs  and 
Buildings.  (For  Sanitary  Engs.) 

80-90 — Railroad  Engineering 

g4 — Design    and     Construction     of 

Sewers,  and  River  and  Harbor 

Improvements 
95— Engineering   Contracts   and 

Specifications 
06— Principles  of  Hygiene,  Sanitary 

Science  and  Public  Health 

98— Water-Supply    and    Irrigation 

Engineering  . 

99-100 — Graduation  Thesis 

Drafting 

r  _ 

Drafting 
r 
5  or 

7  or  8 — Structural   Drafting 


Zoology  7 


Prerequisite 

ogy  7  (Sanitary  Biology) 
C.E.  59  (Sanitary  Engineering) 
Zoology  7  (Sanitary  Biology) 
C.E.  59  (Sanitary  Engineering) 
Mech.  102   (Analytical  Mechanics) 
Min.  s  (Minerals  of  Building  Stones) 
Chem.  81-82   (Industrial   Chemistry) 
Mech.  102  (Analytical  Mechanics) 
Mech.  102  (Analytical  Mechanics) 
Mech.  102  (Analytical  Mechanics) 

C.E.  51-52  (Theory  of  Railroad  Survey 

C.E.  25  (Surveying)  . 

Mech.  102  (Analytical  Mechanics) 
Mech.  102  (Analytical  Mechanics) 

Mech.  1 
Mech.  1 
C.E.  58 
Geol.  iS 
C.E.  53- 
the 
C.E.  61 
C.E.  62 
C.E.  71 
C.E.  26 
C.E.  75 


planing, 

3  or  4 — Descriptive  Geometry 
6 — Graphics 


Economics 

2 — Introduction  to  Economics 

Electrical  Engineering 

1 — Elements  of  Electrical  Engineer- 
ing 
2 — Elements  of  the  Dynamo 

4 — Electric  Distribution 

(For  E.M.  Met.E.  and  C.E.) 

Parallel  E.E.  72  (Direct  Cur- 
rent Laboratory) 
52— Design  of   Direct  Current  Ma- 
chinery _ 
54 — Design  of  Alternating  Current 
Machinery  ^, 

Parallel    Mech.     no    Th.    of 
Variable  Currents) 
72 — Direct  Current  Laboratory 

Parallel  E.E.  4  (Electric  Dis- 
tribution) 


02  (Analytical  Mechanics) 
02  (Analytical  Mechanics) 
(Masonry  Structures) 
',  (General  Geology)        . 
54  (Elasticity  and  Resistance  of 
Materials  of  Engineering) 
(Analytical  Theory  of  Trusses) 
(Graphic  Statics) 
(Surveying) 
(Surveying) 
(Hydraulics) 


57a  (Statistics  and  Interpretation  of 
Water  Analysis) 

57b  (Drainage  of  Marshes  and  Low- 
lands) 

C.E.  26  (Surveying) 

C.E.  75  (Hydraulics) 


Draft.   1  or  2   (Elements  of  Mechanical 

Drafting) 
Draft.  3  or  4  (Descriptive  Geometry) 
Draft.   1  or  2  (Elements  of  Mechanical 

Drafting) 
Draft.  3  or  4  (Descriptive  Geometry) 


Phys.  4   (Sound,  Light,   Electricity  and 

Magnetism)  . 

E.E.  1  (Elements  of  Electrical  Engineer- 

E.E.  2  (Elements  of  the  Dynamo) 


E.E.  1 01  (Dynamo  and  Motor  Practice) 

E.E.  52  (Design  of  Direct  Current  Ma- 
chinery) 
E.E.  104  (Electric   Distribution) 

E.E.  2  (Elements  of  the  Dynamo) 
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Subject 
Electrical  Engineering    (Continued)  : 


Prerequisite 


Laboratory. 
(Dynamo 


73 — Direct     Current 

(For  M.E.) 
Parallel    E.E.     101 

and  Motor  Practice) 
75 — Alternating  Current  Laboratory. 

(For    E.M.    and    M.E.)     (Short 

course) 
76 — Alternating  Current  Laboratory. 

(For  C.E.) 

98— Thesis 

Parallel    Subjects    of    Fourth 

Year 
101 — Dynamo  and  Motor  Practice 
Parallel    E.E.    73    or    i73"*74 

(Direct      Current      Laboratory) 
103 — Electric  Power.    (For  E.E.) 

(For    M.E.)    E.E.    4     (Electric 

Distribution)  E.E.  101  (Dynamo 

and  Motor  Practice) 
104 — Electric  Distribution 
105 — Electric  Plants   (For  E.E.) 
105A— Electric  Plants.    (For  M.E.) 

106 — Management  of  Electric  Plants 
no — Telegraphy  and  Telephony 
112 — Electric  Railway 

173-174 — Direct  Current  Laboratory 
Parallel    E.E.    10 1     (Dynamo 
and  Motor  Practice) 

175-176 — Alternating    Current    Lab- 
oratory 

Parallel  Mech.  109  (Theory  of 
Alternators  and  Transformers), 
Mech.  no  (Theory  of  Variable 
Currents),  E.E.  105  (Electric 
Plants) 

177 — Instrument  Laboratory 


Geology 


-Petrography 
-General  Geology 


16 — Index  Fossils 

18 — General  Geology 

19 — Physiographic  and  Applied 
Geology 

51 — Principles  of  the   Formation  of 
Sedimentary  Deposits 

52 — Discussion  of  Secondary  Struc- 
tural Features 

105-106 — Economic  Geology 

107-108 — Invertebrate  Palaeontology 

no — Geological    Examinations    and 
Surveys 

112 — Field  Geology 


20 1-202 — Petrology 


Law 

2 — Business  Law 

Mathematics 

1 — Algebra 

2 — Differential  Calculus 
3-4 — Analytical  Geometry 
65 — Differential    and    Integral    Cal- 
culus 


E.E.  2  (Elements  of  the  Dynamo) 


E.E.  4  (Electric  Distribution) 

E.E.  72  (Direct   Current  Laboratory)    or 

E.E.  73  (Direct  Current  Laboratory) 

E. E.  4  (Electric  Distribution) 

E.E.  72  (Direct   Current  Laboratory)    or 

E.E.  73  (Direct  Current  Laboratory) 

All  courses 


E.E.  2  (Elements  of  the  Dynamo) 


E.E.  104  (Electric  Distribution) 


E.E.  101  (Dynamo  and  Motor  Practice) 

E.E.  104  (Electric  Distribution) 

E.E.  4  (Electric  Distribution) 

E.E.  101  (Dynamo  and   Motor  Practice) 

E.E.  104  (Electric  Distribution) 

E.E.  2  (Elements  of  the  Dynamo) 

E.E.  103  (Electric  Power) 

E.E.  105  (Electric  Plants) 

E.E.  2  (Elements  of  the  Dynamo) 


E.E.  104  (Electric  Distribution) 


tor 


;r 


74    (Direct   Current   Labora- 


E.E.    173-174    (Direct   Current   Labora- 
tory) 


6  (Optical  Mineralogy) 

1    (Descriptive  and  Determinative 


Min 
Min 

Mineralogy) 
Geol.  6  (General  Geology) 
Min.  5   (Minerals  of  Building  Stones) 
Geol.  18   (General  Geology) 

Geol.  6  (General  Geology)  or 
Geol.  18  (General  Geology) 
Geol.  6  (General  Geology)  or 
Geol.  18  (General  Geology) 
Geol.  6  (General  Geology) 
Antecedent  work  in  Geology 
Geol.  105-106  (Economic  Geology) 

Geol.  6  (General  Geology) 
Geol.    105-106    (Economic   Geology)    de- 
sirable, not  prerequisite 
Geol.  4  (Petrography) 


Entrance  Mathematics 

Math.  3  (Analytical  Geometry) 

Entrance  Mathematics 

Math.  2  (Higher  Trigonometry) 

Math.  3-4  (Analytical  Geometry) 


128 


MINES,  ENGINEERING  AND  CHEMISTRY 


Subject 
Mechanical  Engineering 

11-12— Steam  Power  Machinery. 

(For  M.E.) 
13-14 — Steam   Power  Machinery. 

(Short  M.E.    11-12)    (For  other 

than  M.E.) 
1 7- 1 8 — Technical    Thermodynamics 


19-20 — Engine  Design 

22— Gas  Power  Machinery 

25 — Steam  Power  Plant  Design 
3i--i2 — Experimental  Engineering 

Parallel    M.E.     17-18     (Tech- 
nical   Thermodynamics)     Mech. 
105    (Electric  Plants) 
33 — Experimental   Engineering 

(Continuation  of  M.E.  31-32) 
36 — Kinematics  of  Machinery 

30-40 — Machine  Design 
Parallel  C.E.  53 
41— Machine  Design   (Short  course 
of  M.E.  39-40) 
Parallel  C.E.   53 
46 — Water  Power  Machinery 

(For  M.E.) 

(For  C.E.) 


52 — Works  Management 
Parallel  M.E.   68 
53— Steam  Turbines.     (For  M.E.) 


Prerequisite 


Phys.    3    (Elementary  Mechanics  and 

Heat) 
Phys.   3    (Elementary  Mechanics  and 

Heat) 

M.E.  11-12  (Steam  Power  Machinery)  or 

M.E.  13-14  (Steam   Power  Machinery) 

Mech.  102   (Analytical  Mechanics) 

M.E.  39-40  (Machine  Design) 

M.E.  11-12  (Steam  Power  Machinery) 

M.E.  17-18  (Technical  Thermodynamics) 

M.E.  19  (Engine  Design) 

M.E.  33  (Experimental  Engineering) 

M.E.  96S  (Power  Plant  Summer  Work) 

M.E.  11-12  (Steam  Power  Machinery) 


(For  E.E.) 

54 — Principles    of    Machine    Manu- 
facture 

56 — Water  Power  Installations 

Parallel  M.E.   60    (Hydraulic 
Laboratory) 
59 — Empiric  Design 

60— Hydraulic  Laboratory.      (For 
F  E  ) 

'Parallel  (For  M.E.)   C.E.  78. 
(Hydraulics) 
61 — Seminar 
62— Refrigerating  Machinery 

Parallel  M.E.    18    (Tech. 
Thermodynamics) 
63— Hydraulic  Laboratory 

Parallel  C.E.  75  (Hydraulics) 
64 — Air  Machinery 
66— Elevators  and  Conveyors 
68— Manufacturing  Plant  Design 

Parallel     M.E.      52      (Works 
Management) 
70— Pumping  Machinery 

Parallel  C.E.  78  (Hydraulics) 
72— Gas  Power  Machinery 
74— Gas  Power  Machinery  _ 
76— Experimental  Engineering,    (tor 
E.M.,  Chem.E.  and  Met.E.) 


M.E.  96S  (Power  Plant  Summer  Work) 

Math.  3-4  (Analytical  Geometry) 
M.E.  59  (Empiric  Design) 

M.E.  36  (Kinematics  of  Machinery) 


M.E.  36  (Kinematics  of  Machinery) 
M.E.  33  (Experimental  Engineering) 
C.E.  78  (Hydraulics)  . 

ME.  76  (Experimental  Engineering) 
C.E.  75  (Hydraulics) 
M.E.  78  (Kinematics  of  Machinery) 

M.E.  17-18  (Technical  Thermodynamics) 
M  E   31-32  (Experimental  Engineering) 
M  E   17-18  (Technical  Thermodynamics) 
M.E.  76  (Experimental  Engineering) 
M.E.  94S  (Manufacturing    Plant:    Sum- 
mer Woriv) 
M.E.  39  (Machine  Design) 
C.E.  77  (Hydraulics) 


Draft.    1  or  2  (Elements  of  Mechanical 

Drafting) 
C.E.  77  (Hydraulics) 


M.E.  17  (Technical  Thermodynamics) 


M  E.  17  (Technical  Thermodynamics) 
M.E.  39  (Machine  Design) 
E.E.  103  (Electric  Power) 

M.E.  17  (Technical  Thermodynamics) 

ME   17-18  (Technical  Thermodynamics) 
m'e'  17-18  (Technical  Thermodynamics) 
M'e'  13-14  (Steam  Power  Machinery) 
M'E  17  (Technical  Thermodynamics) 


(For  E  E  )      M.E.  17-18  (Technical  Thermodynamics) 

^garassi? nBineering- <For  $S  i$'$&Efis2£$ss& 
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Subject 
Mechanical  Engineering   (Continued)  : 


Prerequisite 


78 — Kinematics 

04S      Manufacturing  Plant  Summer 
Work 


82 — Heating  and  Ventilation 

96S — Power  Plant  Summer  Work 


Metallurgy 

101 — General  Metallurgy 


in — Metallurgy  of  Copper 

118 — Metallurgy  of  Copper.  (Ad- 
vanced Course) 

122 — Metallurgy  of  Lead,  Silver, 
Gold  and  Zinc 

128 — Metallurgy  of  Lead,  Silver, 
Gold,  Zinc  and  the  Minor  Met- 
als.     (Advanced  Course) 

131 — Metallurgy  of  Iron  and  Steel 
Prerequisite   or  Parallel  Met. 
101    (General  Metallurgy) 

134 — Metallurgy  of  Iron  and  Steel 


138 — Metallurgy  of  Iron  and  Steel. 

(Advanced  Course) 
141 — Electrometallurgy 


148 — Electrometallurgy.     (Advanced 

Course) 
151 — Constitution  and  Properties  of 

Alloys 


155-6 — Metallography  of  Iron,  Steel 
and  Industrial  Alloys 

158 — Constitution  and  Properties  of 
Alloys.    (Advanced  Course) 

72 — Metallurgical   Laboratorv 

Parallel  Met.  122  (Metallurgy 
of  Lead,  Silver,  Gold  and  Zinc) 

78 — Thesis 

Parallel  Met.  131  (Metallurgy 
of  Iron  and  Steel),  Met.  141 
( Electrometallurgy) 

171 — Metallurgical  Laboratory 

Parallel  Met.  101  (General 
Metallurgy),  Met.  111  (Metal- 
lurgy of  Copper) 

175 — Metallurgical   Investigation 

Parallel  Met.  131  (Metallurgy 
of  Iron  and  Steel,  and  Met.  141 
(Electrometallurgy)  _ 

64S — Summer     Course    in 
Metallurgy 

66S — Summer    Course    in    Non-fer- 
rous Metallurgy 

177 — Metallurgical    Plant    Construc- 
tion 


M.E.  17-18  (Technical  Thermodynamics) 
M.E.  76  (Experimental   Engineering) 
Math.  3-4  (Analytical   Geometry) 
Sh.Wk.  1  (Wood   Turning   and    Pattern 

Making) 
Sh.Wk.  2  (Molding  and   Foundry    Prac- 
tice) 
Sh.Wk.  12  (Forging) 

M.E.  31-32  (Experimental  Engineering) 
M.E.  17-18  (Technical  Thermodynamics) 


Phys.^  3-4  (Elementary  Mechanics  and 
General  Physics) 

Chem.  3-4  (General  Inorganic  Chemis- 
try) 

Met.  1 01  (General  Metallurgy) 

Met.  in  (Metallurgy  of  Copper) 

Met.  in  (Metallurgy  of  Copper) 

Met.  122  (Metallurgy  of  Lead,  Silver, 
Gold  and  Zinc) 

Phys.    3-4    (Elementary   Mechanics   and 

General  Physics) 
Chem.  3-4  (General  Inorganic  Chemistry) 
Phys.    3-4    (Elementary    Mechanics   and 

General  Physics) 
Chem.  3-4  (General  Inorganic  Chemistry) 
Met.  131  (Metallurgy  of  Iron  and  Steel) 

Phys.    3-4    (Elementary   Mechanics   and 

General  Physics) 
Chem.  3-4  (General  Inorganic  Chemistry) 
Met.  141  (Electrometallurgy) 

Phys.    3-4    (Elementary   Mechanics   and 

General  Physics) 
Chem.  3-4  (General  Inorganic  Chemistry) 
Met.  131  (Met.  of  Iron  and  Steel)  or 
Met.  134  ''Metallurgy  of  Iron  and  Steel) 
Met.  151  (Constitution  and  Properties  of 

Alloys) 
Met.  in  (Metallurgy  of  Copper) 


Met.    122    (Metallurgy  of  Lead,    Silver, 

Gold  and  Zinc) 
Met.  171  (Metallurgical  Laboratory) 


Met.    122    (Metallurgy  of  Lead,   Silver, 

Gold  and  Zinc) 
Met.   171   (Metallurgical  Laboratory) 


Ferrous     Met.  101  (General  Metallurgy) 


Met.  122  (Metallurgy  of  Lead,  Silver, 
Gold  and  Zinc) 

Draft.  7  or  8   (Structural  Drafting) 

C.E.  53  (Elasticity  and  Resistance  of 
Materials) 

Met.  64S  (Summer  Course  in  Ferrous 
Metallurgy) 

Met.  66S  (Summer  Course  in  Non-fer- 
rous Metallurgy) 
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MINES,  ENGINEERING  AND  CHEMISTRY 


Subject 


Mineralogy 


I_Descriptive     and     Determinative 

Mineralogy 
5— The  Minerals  of  Building  Stones 

6— Optical  Mineralogy 


7_Descriptive  and  Determinative 
Mineralogy.  (Modification  of 
Min.    i) 

15-16 — Mineralogy 


Prerequisite 


Entrance  Chemistry 

Entrance  Physics 

Entrance  Chemistry 

Entrance  Physics 

Min.    5    (Minerals  of   Building  Stones) 

or  part  of 
Min.    1    (Descriptive  and  Determinative 

Mineralogy)  or  equivalent 
Entrance  Chemistry 
Entrance  Physics 

Entrance  Chemistry 
Entrance  Physics 


Mining 


ci— Excavation  and  Tunneling. 
(For  E.M.) 

52— Boring  and  Shaft  Sinking.    (For 

5       E.M.   and  C.E.) 

c  7— Excavation,  Tunneling,  Bor- 
ing and  Shaft  Sinking.)  (For 
C.E.)  (Condensation  of  E.M. 
51  and  52) 

c4— Exploration,  Development,  and 
Methods  of  Working.  (J?  or 
E.M.  and  Met.E.) 

Prerequisite  or  Parallel 


56- 


-Mine  Engineering.     (For  E.M.) 
Prerequisite  or  Parallel 


71-72- 


-Mine  Plant.    (For  E.M.) 


(For  E.M. 


y, — Mine  Constructions. 

and  Met.E.) 
75— Design    of    Mine    Plant.      (tor 
E.M.) 

Parallel    E.M.     71-72     (Mine 

Plant)  .      .  _     .     . 

77.78_Graduating  Thesis  or  Project 

g0_Mill  Construction 

8l_Ore  Dressing,   Milling,   and  the 

Mechanical  Preparation  of  Coal. 

(For  E.M.  and  Met.E.) 

Parallel  or  Prerequisite:  Mech. 
102   (Analytical  Mechanics) 
g2_0re-Dressing   Laboratory.     (For 
E.M.  and  Met.E.)       .  . 

Parallel  or  Prerequisite:  E.M. 
81  (Ore  Dressing,  Milling,  and 
the  Mechanical  Preparation  of 
Coal)  .         .         ._      _  ,, 

Mine  Administration.  (For  E.M. 
and  Met.E.)  . 

Parallel  E.M.  56  (Mine  Engi- 
neering) 
94 — Mining  Law 

qc, — Mining  Conference.    (Optional) 
58— Summer  Class  in  Mine  Survey- 

SQ—Wummer     Course    in     Practical 
Mining  „  .  .. 

Parallels  or  Prerequisites: 
E.M.  54  (Exploration,  Develop- 
ment and  Methods  of  Working) 


Entrance  Mathematics 

Entrance  Chemistry 

Entrance  Physics 

E.M.  51   (Excavation  and  Tunneling) 

Entrance  Mathematics 
Entrance  Chemistry 
Entrance  Physics 


Geol.  105-106  (Economic  Geology) 
E.M.  52  (Excavation  and  Tunneling) 

E.M.  71-72  (Mine  Plant) 

C.E.  76  (Hydraulics) 

C.E.  28   (Surveying) 

E.M.  54  (Exploration,  Development  and 

Methods  of  Working)  _ 

M.E.  13-14  (Steam  Power  Machinery) 

Draft    7  or  8  (Structural  Drafting) 
C.E.    53    (Elasticity   and    Resistance    of 
Materials) 

All  required  subjects  in  Mining 

M  E    13-14  (Steam  Power  Machinery) 

Min.    1    (Descriptive  and   Determinative 

Mineralogy)  . 

Phys.    3-4    (Elementary    Mechanics   and 

General  Physics) 


9i 


E.] 


.  54  (Exploration,  Development  and 
Methods  of  Working) 


C.E.  27  (Surveying) 

E  M.  54  (Exploration,  Development  ana 
Methods  of  Working) 


C.E.  28   (Surveying) 

M.E.  13  (Steam  Power  Machinery) 


SCHEDULE  OF  PREREQUISITES 
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Subject 
Physical  Education 

Ax-Aa 

Bi  Ba 


Prerequisite 


Pliys.  Ed.  A1-A2 


Physics  and  Mechanics 

Phys.     3-4 — Elementary     Mechanics 
and  General  Physics 

Phys.    43-44 — Intermediate    Labora- 
tory Course 
Phys.   105- — Electrical  Measurements 

Mech.  6 — Analytical  Mechanics 


Mech.    102 — Analytical  Mechanics 


Mech.  105 — Thermodynamics 

Mech.  107-108 — Theory  of  Electricity 
and   Magnetism 

Mech.  109 — Theory  of  Alternators 
and  Transformers 

Mech.  no — Theory  of  Variable  Cur- 
rents 


Entrance  Physics 

Entrance  Mathematics  (including  Trig- 
onometry) 

Phys.  3-4  (Hlemcntary  Mechanics  and 
General  Physics) 

Phys.  3-4  (Elementary  Mechanics  and 
General  Physics) 

Phys.  3-4  (Elementary  Mechanics  and 
General  Physics) 

Math.  65  (Differential  and  Integral  Cal- 
culus) 

Phys.  3-4  (Elementary  Mechanics  and 
General  Physics) 

Math.  65  (Differential  and  Integral  Cal- 
culus) 

Mech.  102  (Analytical  Mechanics) 

Mech.  102  (Analytical  Mechanics) 

Mech.    107-108    (Theory    of    Electricity 

and    Magnetism) 
Mech.   109    (Theory  of  Alternators  and 

Transformers) 


Shop  Work 


1 — Wood-turning  and  Pattern  Mak- 
ing.    (For  M.E.) 

2 — Molding  and  Foundry  Practice. 
(For  M.E.) 

10S— Machine  Work.     (For  M.E.) 

n — Machine  Work.    (For  M.E.) 

12 — Forging.     (For  M.E.) 

13-14 — Machine  Work.      (For  E.E.) 

15 — Forging  and  Foundry  Practice. 

(For  C.E.) 
16 — Machine  Work.    (For  C.E.) 
18S — Pattern-making.  (For  Chem.E.) 


Zoology 


7 — Sanitary  Biology 


Bacteriology  101  (Sanitary  Bacteriology) 
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GENERAL  INFORMATION 
REGARDING  COLUMBIA  UNIVERSITY 

Students  under  the  Faculty  of  Applied  Science  may  enjoy  every 
advantage  to  be  derived  from  the  resources  of  the  University.  The 
University  occupies  thirty-five  buildings.,  and  its  grounds  cover 
thirty-five  acres.  The  number  of  officers  of  instruction  in  1908-9 
was  628,  and  of  resident  students  5,633. 

University  The   Library  contains   about  400,000  bound   vol- 

Library  umes,  catalogued  both  by  authors  and  by  subjects. 

It  is  open  each  week  day  from  8.30  a.m.  until  11 
p.m.  (in  summer,  10  p.m.).  All  students  and  graduates  have  free 
access  and  may  draw  books  for  home  use. 

Physical  The  Gymnasium  is  open  each  week  day  from  9.30 

Exercise  a.m.  to  7  p.m.   (Saturdays,  6  p.m.). 

Every  student  is  entitled  to  a  physical  examina- 
tion by  the  Medical  Director  and  to  advice  as  to  the  kind  and 
amount  of  exercise  best  adapted  to  his  needs.  For  the  Gymnasium 
fee  see  page  18. 

The  main  exercising  room  is  35  feet  high,  semicircular  in  shape, 
and  has  an  area  of  16,000  square  feet.  It  is  well  lighted  and  well 
ventilated.  Above  are  the  10-lap  running  track,  rooms  for  fencing, 
boxing,  and  handball,  dressing-rooms  with  1,804  steel  lockers,  and 
32  shower-baths.  Below  the  exercising  room  is  the  semicircular 
swimming  pool,  100  feet  by  50,  and  4  to  10  feet  deep,  and  shower-, 
needle-,  and  tub-baths. 

A  two-hour  course  in  Physical  Education  is  prescribed  for  all 
first  and  second  year  undergraduate  students,  arranged  with  a 
view  to  securing:  first,  health;  second,  strength,  control,  efficiency, 
and  endurance;  third,  erect  carriage. 

There  are  on  South  Field  a  practice  field  for  baseball,  lacrosse, 
and  football,  a  quarter  mile  running  track,  tennis  courts,  and  the 
University  Boat  House  is  within  easy  reach. 

Employment  The   Employment   Committee  endeavors  to  give 

Committee  students  who  need  it  the  opportunity  to  earn  enough 

for  partial  or  complete  support,  and  to  extend  as- 
sistance in  other  ways.  Communications  should  be  addressed  to 
the  Committee.  Some  of  the  openings  available  are:  private  tutor- 
ing, translating,  addressing,  copying  of  various  sorts,  teaching  in 
evening  schools,  stenography.  During  the  year  1908-9  the  student 
earnings  repOTted  to  the  Committee  amounted  to  $100,223. 
Preference  is  naturally    given,  in  case  of  a  choice  of  applicants,  to 
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those  who,  as  strangers  in  New  York,  are  not  likely  to  hear  of  positions 
through  other  channels.  No  prospective  student  should  come  to 
Columbia  expecting  to  depend  entirely  or  even  largely  upon  the  assist- 
ance of  the  Committee,  and  every  student  should  be  prepared  to  meet  at 
least  the  expenses  of  the  first  half-year — say  $250. 

The  chiefs  of  clinic  in  the  Medical  School  give  advice  without  charge 
to  students  on  the  lists  of  the  Committee. 

There  are  also  Appointment  Committees  whose  duty  it  is  to  recom- 
mend graduates  for  teaching  or  other  positions  in  colleges  and  uni- 
versities and  to  assist  competent  men  to  obtain  such  positions. 

Medical  A   University   Medical  Visitor  renders  medical   as- 

Visitor  sistance  to  students  without  family  physicians  in  New 

York  for  a  remuneration  to  be  arranged  between  him- 
self and  individual  patients.  The  medical  visitor  is  Dr.  D.  S.  D.  Jessup, 
office  hours  5  to  6  daily,  at  542  West  112th  Street  (telephone,  6382 
Morningside). 

Residence  There  are  two  University  dormitories  on  South  Field, 

Halls  with    accommodations    for    500    men :    Hartley    Hall, 

a  memorial  to  the  late  Marcellus  Hartley,  and  Living- 
ston Hall,  named  in  memory  of  Robert  R.  Livingston,  of  the  class  of 
1765.  Each  building  is  137  feet  by  60  and  10  stories  high.  They  have 
electric  light,  steam  heat,  telephones,  elevator  and  shower  baths. 

The  two  Halls  contain  600  outside  rooms,  both  single  and  double, 
which  may  be  rented  singly  or  in  suites.  The  bedrooms  average  8  feet 
by  14.6,  and  the  studies  10  by  14.6.  All  are  9  feet  high.  Each  bedroom 
has  a  clothes-closet  and  an  enamelled  basin  with  hot  and  cold  water, 
and  is  provided  with  heavy  oak  furniture. 

The  entrance  to  each  building  faces  the  campus,  and  leads  directly 
into  an  assembly  room  60  feet  square.  This  room  runs  up  through  two 
stories  and  has  a  large  open  fireplace  opposite  the  entrance. 

The  weekly  charge  for  a  single  room  ranges  from  $2.60  to  $4.75  for 
the  academic  year  of  thirty-nine  weeks.  A  pamphlet  with  floor  plans 
and  rental  charges  and  containing  the  Hall  Regulations  may  be  had  upon 
application  to  the  Secretary  of  the  University.  Rooms  will  be  assigned 
in  the  order  of  receipt  of  applications,  which  should  be  made  on  a  blank 
provided  by  the  Superintendent  of  Buildings  and  Grounds. 

University  The  University  Commons    (under  student  manage- 

Commons  ment)  for  the  accommodation  of  the  men  living  in  the 

Residence  Halls  is  conducted  upon  a  system  combining 
table  d'hote  and  a  la  carte.  The  Commons,  which  has  accommodations 
for  450  men,  is  in  University  Hall,  and  is  open  daily  from  7.30  a.m. 
to  7  p.m.  There  is  also  a  large  buffet  lunch  room. 
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Other  Besides  the  dormitories  and  the  Greek  Letter  Society 

Accommo-  club-houses  there  are  many  good  boarding-houses  and 

dations  apartments   near  the   University,   a   card-catalogue   of 

which  is  kept  at  Earl  Hall. 

Public  In  addition   to   the  regular   courses   of  instruction, 

Lectures,  etc.  numerous  public  lectures  are  given  at  the  Uni- 
versity, ordinarily  by  persons  of  distinction  who  are 
not  members  of  the  teaching  staff.  The  University  maintains  close  rela- 
tions with  the  other  educational  and  public  institutions  of  the  city,  and 
students  enjoy  unusual  privileges  at  them.  Students  are  also  frequently 
given  the  opportunity  to  enjoy  important  dramatic  and  musical  per- 
formances at  a  considerably  reduced  cost.  For  details  see  the  Uni- 
versity Catalogue  for  1908-09,  pages  40-43. 

St.  Paul's  St.  Paul's  Chapel,  the  gift  of  Olivia  Egleston  Phelps 

Chapel  Stokes  and  Caroline  Phelps  Stokes,  as  a  memorial  to 

their  parents,  is  a  beautiful  cruciform  building  with 
1,050  sittings.  Service,  at  which  attendance  is  voluntary,  is  held  every 
week-day  except  Wednesday  and  Saturday,  at  noon,  the  period  from 
12  to  12.20  being  set  apart  by  the  University  for  religious  exercises ;  on 
Wednesday  afternoons  at  5.10;  and  on  Sunday  afternoons  at  4  p.m. 
There  are  also  frequent  organ  recitals. 

Earl  Hall  Earl  Hall,  the  home  of  the  religious,  philanthropic, 

and  social  organizations  and  interests,  is  open  to  all 
students,  without  expense,  from  8.30  a.m.  to  10  p.m.  daily,  under  the 
management  of  its  Secretary,  who  is  also  Secretary  of  the  University 
Young  Men's  Christian  Association.  Provision  for  the  meetings  of 
student  organizations  is  made  in  the  following  order :  Societies  the  pur- 
pose of  which  is  (1)  primarily  religious;  (2)  primarily  philanthropic; 
(3)  primarily  literary;  and  (4)  miscellaneous  student  organizations. 
In  1907-08,  1,117  student  meetings  were  held  in  Earl  Hall.  The  building 
is  also  much  used  as  a  general  student  club  house. 

Student  The  various  student  organizations,  while  self-govern- 

Organizations  ing,  are  subject  to  the  following  regulations :  The 
schedules  of  public  contests  and  performances  must  be 
approved  by  a  University  Committee;  budgets  for  expenditure  are  ap- 
proved and  checked  by  the  Comptroller  of  Student  Organizations;  the 
University  Committee  on  Athletics,  consisting  of  three  graduates,  two 
students  and  two  University  officers,  adopt  and  administer  rules  of 
eligibility  not  involving  questions  of  scholarship  and  govern  participa- 
tion in  inter-collegiate  athletics.  A  pamphlet  containing  the  full  regula- 
tions may  be  obtained  from  the  Secretary  of  the  University. 
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The  A  college  graduate  who  completes  with  marked  dis- 

Degree  of  A.M.  tinction  one  of  the  regular  professional  courses  may  be 
recommended  for  the  degree  of  Master  of  Arts  if,  while 
pursuing  his  professional  course,  he  shall  have  taken  additional  work, 
under  the  Faculty  of  Pure  Science,  Philosophy  or  Political  Science,  to 
the  extent  of  a  major  subject,  and  have  presented  a  satisfactory  essay 
upon  an  assigned  topic.  A  detailed  statement  of  the  requirements  for 
this  degree  and  also  for  the  Ph.D.,  with  a  list  of  subjects  which  may  be 
offered,  will  be  found  in  the  Announcement  of  the  Faculties  of  Political 
Science,  Philosophy  and  Pure  Science.     See  also  page  SI. 

Fellowships  For  information  as  to  the  fourteen  University  Fel- 

lowships of  the  annual  value  of  $650  each,  and  the  sev- 
eral endowed  fellowships  open  to  qualified  candidates  for  the  degree  of 
Master  of  Arts  and  Doctor  of  Philosophy,  see  the  Announcement  of  the 
Faculties  of  Political  Science,  Philosophy,  and  Pure  Science,  or  the 
University  Catalogue. 

The  three  following  are  of  particular  interest  to  students  of  Mines, 
Engineering  and  Chemistry,  who  are  advised  to  familiarize  themselves 
with  the  special  regulations  governing  them : 

The  Tyndall  Fellowship  for  the  Encouragement  of  Research  in 
Physics,  endowed  by  Professor  John  Tyndall,  and  of  an  annual  value 
of  $648;  the  Barnard  Fellowship  for  Encouraging  Scientific  Research, 
endowed  by  the  bequest  of  the  late  President  Barnard,  annual  value 
$500,  and  the  Ernest  Kempton  Adams  Research  Fellowship,  founded 
by  Mr.  Edward  Dean  Adams  in  memory  of  his  son,  Ernest  Kempton 
Adams,  annual  value  $1,250. 


Students 

In  1909-10  the  registration  in  the  Schools  of  Mines,  Engineering  and 
Chemistry  is  as  follows : 

First-year   class    223 

Second-year  class    217 

Third-year  class  151 

Fourth-year   class    66 

Non-matriculated     29 

Students  from   Columbia   College 11 

Total    697 

Of  students  registered,  104  already  held  a  college  or  technical  degree, 
representing  38  institutions.  In  addition  there  are  registered  under 
the  Faculty  of  Pure  Science  as  candidates  for  the  A.M.  and  Ph.D. 
degrees  16  students  with  some  branch  of  Engineering  and  28  with 
Chemistry   as   a   major    subject. 
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ALUMNI  ORGANIZATIONS 

The  Alumni  Association  of  the  Schools  of  Science  of  Columbia 
University  includes  in  its  membership  graduates  of  the  Schools  of 
Mines,  Engineering  and  Chemistry.  Associate  membership  is  open  to 
non-graduates,  members  of  classes  that  have  graduated. 

Honorary  membership  is  open  to  all  persons  eminent  in  Science 
who  are  or  have  been  connected  with  any  of  the  Schools  of  Science 
of  Columbia  University. 

Its  officers  for  1909-10  are: 
President,  Daniel  E.   Moran,  C.E.,  '84. 
Vice-President,  Arthur  S.  Dwight,  E.M.,  '85. 
Treasurer,  Wm.  Fellowes  Morgan,  A.B.,  E.M.,  '84. 
Secretary,  Ralph  E.  Mayer,  C.E.,  '79. 

Board  of  Managers 

E.  P.  Casey,  C.E.,  '86  F.  B.  Irvine,  C.E.,  '02 

H.  S.  Kissam,  Ph.B.,  '86  J.  F.  Thompson,  Ph.D.,  '03 

K.  E.  Eilers,  E.M.,  '89  J.  B.  Spencer,  M.E.,  '06 

E.  Merz,  E.M.,  '92  A.  Aigeltinger,  E.E.,  '07 

Delegates  to  Alumni  Council 

Wm.   Fellowes  Morgan,  A.B.,  E.M.,   '84 
Charles  B.  Going,  Ph.B.,  '82  George  H.  Clark,  C.E.,  '93 

A  complete  list  of  the  Alumni,  giving  the  addresses  of  each,  and  in 
the  case  of  those  who  are  members  of  the  Association,  a  detailed  record 
of  their  professional  career,  is  published  and  may  be  had  on  application 
to   the   Alumni   Secretary,    Columbia   University. 

The  Alumni  Secretary  will  also  be  glad  to  put  prospective  students 
in  communication  with  Alumni  in  different  parts  of  the  country. 

Such  Alumni  are  often  able  in  a  personal  interview  to  furnish  infor- 
mation regarding  the  Schools  of  Mines,  Engineering  and  Chemistry 
which  inquirers  at  a  distance  could  obtain  in  no  other  way. 

GENERAL  ALUMNI  ORGANIZATIONS 

Alumni   Council : 

John  Howard  Van  Amringe,   '6o,  Chairman 

Rudolf  Tombo,  Jr.,  '98,  A.M.,  Secretary,  Columbia  University 
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Society  of  the  Early  Eighties: 
James  Duane  Livingston,  '80,   President 
Gerard  Romaine,  '82,  Secretary,  68  Broad  Street,  New  York  City 

Society  of  Older  Graduates: 
John  Howard  Van  Amringe,  '60,  President 

William  de  L.  Benedict,  '74  S,  Secretary,  43  Cedar  Street,  New  York 
City. 

Society  of  Upper  Eighties: 
Charles  H.  Mapes,  '85,  President 

Edward  L.  Dodge,  '88  S,  Secretary,  Columbia  University  Club,  New 
York  City 


Local  Association  Secretaries 

Albany— E.  Stagg  Whitin,  '05,  University  Club,  Albany  N.  Y. 

California— Dr.  John  C.  Spencer,  '82,  '85  M.,  Butler  Building,  San 
Francisco,   Cal. 

China— Dr.  F.  E.  Hinckley,  '05  Ph.D.,  clerk,  United  States  Court 
for  China,  Shanghai,  China. 

Colorado— Roger  W.  Toll,  '06  S.,  215  East  Eleventh  Avenue,  Denver, 
Colorado. 

Columbia   (Missouri)— E.  W.  Hinton,  '91  L.,  Columbia,  Mo. 

Connecticut— John  D.  Irving,  '96,  Yale  University,  New  Haven  Conn. 

Cuba— Dr.  Pedro  Villoldo,  '05  M.,  Pena  Pobro  20,  Havana,  Cuba. 

District  of  Columbia— George  Oakley  Totten,  Jr.,  '91  F.  A.,  808  Seven- 
teenth Street,  N.  W.,  Washington,  D.  C. 

Illinois— Channing  Rust  Toy,  '04,  153  La  Salle  Street,  Chicago,  111. 

Indiana— Mark  H.  Miller,  '07  L.,  Lemcke  Building,  Indianapolis, 
Indiana. 

Japan— Rev.  Kentok  Hori,  '07  A.  M.,  College  of  Literature,  Imperial 
University  of  Tokio,  Tokio,  Japan. 

Kansas  City— David  M.  Proctor,  '05  L.,  431  Scarritt  Building,  Kansas 
City,  Mo. 

Kentucky— F.  A.  Busse,  '03  S.,  800  Third  Street,  Louisville,  Ky. 

Louisiana— Leslie  Brewer  Smith,  '05,  6024  Hurst  Street,  New  Or- 
leans, La. 

Madison  (Wisconsin)— C.  W.  Stoddart,  'oc,  University  of  Wisconsin, 
Madison,  Wis. 

Michigan— Dr.  Theodore  A.  McGraw,  Jr.,  '02  M.,  73  Cass  Street, 
Detroit,  Michigan. 
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Minnesota— Professor  Norman  Wilde,  '89,  University  of  Minnesota, 
Minneapolis,   Minn. 

Nashville— Eugene  Tavenner,  '01,  Peabody  College,  Nashville,  Tenn. 
Nebraska— Dr.  C.  W.  Pollard,  '99  M.,  Paxton  Block,  Omaha,  Neb. 
New  England— Franklin  S.  Hoyt,  '05  A.M.,  care  Houghton   Mifflin 
and  Company,  4  Park  Street,  Boston,  Mass. 

New   Jersey— Arthur   F.   Egner,   '03,    Prudential   Building,    Newark 
N.  J. 

North  Carolina— Henry  J.   Highsmith,  T.C.,  Wake  Forest   College 
Wake  Forest,  N.  C. 

Northeastern    Pennsylvania— Clarence    D.    Shrady,    '95     S.,    Allen- 
town,  Pa. 

Ohio,  Northern  (Cleveland)— R.  H.  Johnston,  '02,  842  East  Seventy- 
ninth  Street,  Cleveland,  Ohio 

Ohio,  Central  (Columbus)— Professor  F.  P.  Graves,  '90,  Ohio  State 
University,   Columbus,  Ohio. 

Paris— Charles  F.  Beach,  Jr.,  '81  L.,  95  rue  des  Petits-Champs,  Paris, 
France. 

Philadelphia— Stanley  Kidder  Wilson,  '02,  Swarthmore,  Pennsylvania. 
Pittsburg— Forrest    A.    DeGraff,    '06    T.C.,    Allegheny    Preparatory 
School,  Allegheny,  Pa. 

St.   Louis— William  E.    Baird,  '02  L.,  Law   Department,   City   Hall, 
St.   Louis,   Mo. 

Virginia— Jackson    Davis,    '08   A.M.,    Board   of   Examiners,    Peters- 
burg, Va. 

Washington— Dr.  Guy  S.  Peterkin,  '95  M.,  Alaska  Building,  Seattle, 
Washington. 

Western  New  York— E.  Lyman  Tilden,  '02  L,  Mutual  Life  Building, 
Buffalo,   N.  Y. 

Wisconsin— H.    W.    Buemming,    '95   F.A.,    521   Jackson   Street,    Mil- 
waukee, Wisconsin. 

Yonkers— James  F.  Prince,  '08,  87  N.  Broadway,  Yonkers,  N.  Y. 
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Academic  Calendar 

1910-1911 
1910— July  6,  Wednesday.     Eleventh   Summer   Session  opens. 
August  17    Wednesday.     Eleventh   Summer  Session   closes. 
September  3,  Saturday.    Last  day  for  filing  applications  for  entrance 

^September  '  19,  Monday.  Entrance  examinations,  and  examinations 
for  deficient  and  debarred  students  begin. 

September  21,  Wednesday.     Registration  begins.  . 

September  27,  Tuesday.  Registration  ceases  for  students  previously 
matriculated.  Later  applications  received  only  upon  payment  of  an 
additional  fee  of  $5.  . 

September  28,  Wednesday.     First  half-year,  157th  year,  begins. 

Registration  ceases  for  students  matriculating  for  the  first  time. 
Later  applications  received  only  upon  payment  of  an  additional  fee 

of  $5-  „     . 

Scholars  report  to  the  Registrar. 

November  8,  Tuesday.     Election  day,  holiday.  .     ,     •' 

November  24,  Thursday,  to  November  26,  Saturday,  inclusive. 
Thanksgiving  holidays.  .  . 

December  21,  Wednesday,  to  January  3-  191 1,  Tuesday,  inclusive. 
Christmas  holidays.  ..-.,.  •■  / 

1911— January  2,  Monday.  Last  day  for  filing  applications  for  en- 
trance examinations.  .  . 

January  9,   Monday.     Mid-year   entrance  examinations  begin. 

January  25,   Wednesday.     Mid-year  examinations  begin. 

February  7,  Tuesday.     First  half-year  ends. 

February  8,  Wednesday.     Second  half-year  begins. 

Registration  ceases  for  students  entering  the  second  half-year.  Later 
applications  received  only  upon  the  payment  of  an  additional  fee  of  $5- 

Scholars  to  report   to  Registrar. 

February  13,  Mondav.     Alumni  Day. 

February  22,  Wednesday.     Washington's  Birthday,  holiday. 

April  13,  Thursday,  to  April  17,  Monday,  inclusive,  Easter  holidays. 

May  1,  Monday.    Last  day  for  filing  applications  for  scholarships. 

May  22,   Monday.     Final  examinations  begin. 

May  30,  Tuesday,  Memorial  Day,  holiday. 

June  4,  Sunday.     Baccalaureate  service. 

June  5,  Monday.     Class  Day. 

June   7,   Wednesday.     Commencement   Day. 

June  14,  Wednesday.     Second  half-year  ends. 

June   19,  Monday.     Entrance  examinations  begin. 

July  6,   Thursday.     Twelfth   Summer  Session  opens. 

August  17,  Thursday.     Twelfth   Summer  Session  closes. 

September  18,  Monday.  Entrance  examinations,  and  examinations 
for  deficient  and  debarred  students  begin. 

September  20,  Wednesday.     Registration  begins. 

September  26,  Tuesday.  Registration  ceases  for  students  previously 
matriculated.  Later  applications  received  only  upon  payment  of  an 
additional  fee  of  $5- 

September  27,  Wednesday.    First  half-year,  158th  year,  begins. 

Registration  ceases  for  students  matriculating  for  the  first  time. 
Later  applications  received  only   upon  payment  of   an  additional   fee 

of  $5- 

Scholars  to  report  to  Registrar. 
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THE   FACULTY    OF   APPLIED    SCIENCE 

Standing    Committees    of    the    Faculty 

On  Instruction.    The  Dean   (Chairman),  Professors  Kemp,  Lovell, 
Lucke,  Walker,  Wendell  and  Whitaker. 

On  Admissions.     Professors  Jones  (Chairman),  Mayer,  Morgan  and 
Rautenstrauch. 

The  Faculty 
Nicholas  Murray  Butler President  of  the  University 

A.B.,  Columbia  1882;  A.M.,  1883;  Ph.D.,  1884;  LL.D.,  Syracuse,  1898; 
lulane,  1901;  Johns  Hopkins  Princeton,  Yale,  and  University  of  Pennsyl- 
vania 1902;  Chicago,  1903;  Manchester  and  St.  Andrew's,  1905;  Cambridge, 
1907.;  Williams,  1908;  Harvard  and  Dartmouth,  1909;  D.Litt.,  Oxford,  1905: 
Umcier  de  la  Legion  d  Honneur,  1906;  Order  of  the  Red  Eagle  (Prussia) 
1910;    Member  American  Academy   of  Arts   and    Letters,    191 1. 

Frederick  Arthur  Goetze Dean  of  the  Faculty 

M.Sc,   Columbia,    1905. 

Charles  F.  Chandler Mitchill  Professor  Emeritus 

A.M.,  Ph.D.,  Gottingen,  1856;  M.D.,  University  of  New  York,  1873;  LL.D., 
Union,  1873;   Sc.D.,  Oxford,  1900. 

Henry  S.  Munroe Professor  of  Mining,  and  Delegate  to 

r„    ri     L.       a,     M  „  University  Council 

E.M.,  Columbia,  1869;  Ph.D.,  1876;   Sc.D.,   1904. 

Alfred  J.  Moses Professor  of  Mineralogy 

E.M.,   Columbia,   1882;   Ph.D.,    1890. 

James  Furman  Kemp Professor  of  Geology 

A.B.,  Amherst,  1881;  Sc.D.,  1906;   E.M.,  Columbia,   1884. 

Robert  Peele Professor  of  Mining 

E.M.,  Columbia,   1883. 

William  Hallock Professor  of  Physics 

A.B.,  Columbia,  1879;  Ph.D.,  Wiirzburg,  1881;  Phar.D.,  National  College  of 
Pharmacy,   1S92. 

'Francis  B.  Crocker Professor  of  Electrical  Engineering 

E.M.,  Columbia,  1882;  Ph.D.,  1895. 

Michael  Idvorsky  Pupin Professor  of  Electro-Mechanics 

A.B.,  Columbia,   1883;   Sc.D.,   1904;  Ph.D.,  Berlin,   1889. 
William  H.  Burr Professor  of  Civil  Engineering 

C.E.,  Rensselaer  Polytechnic,   1872. 

Thomas  Scott  Fiske Professor  of  Mathematics 

A.B.,  Columbia,  1885;  A.M.,   1886;  Ph.D.,  1888. 

Harold  Jacoby Rutherfurd  Professor  of  Astronomy 

A.B.,  Columbia,   1885;  Ph.D.,   1895. 

Henry  Marion  Howe Professor  of  Metallurgy 

B.S.,  Harvard.  1869:  A.M.,  1872;  LL.D.,  1905;  B.S.,  Massachusetts  Insti- 
tute of   Technology,    1871;  LL.D.,  Lehigh,    1905. 

xAbsent  on  leave,   1911-12. 
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Earl  B.  Lovell Professor  of  Civil  Engineering 

C.E.,  Cornell,   1891. 

James  Maclay Professor  of  Mathematics 

C.E.,  Columbia,  1888;  Ph.D.,  1899. 

Marston  Taylor  Bogert Professor  of  Organic  Chemistry  and 

Delegate  to  the  University  Council 

A.B.,  Columbia,   1890;  Ph.B.,   1894;  LL.D.,   Clark,   1909. 

J.  Livingston  Rutgers  Morgan Professor  of  Physical  Chemistry 

B.S.,  Rutgers,   1892;  A.M.  and  Ph.D.,  Leipzig,  1895. 

Amadeus  W.  Grabau Professor  of  Paleontology 

S.B.,    Massachusetts    Institute   of  Technology,    1896;    S.M.,    Harvard,    1898; 
S.D.,   1900. 

Ralph  Edward  Mayer.  .Associate  Professor  of  Engineering  Draughting 

C.E.,  Columbia,   1879. 

Cassius  Jackson  Keyser Adrain  Professor  of  Mathematics 

B.S.,  Missouri,    1892;   A.M.,  Columbia,  1896;  Ph.D.,  1901. 

George  L.  Meylan Associate  Professor  of  Physical  Education  and 

Medical  Director  of  the  Gymnasium 

M.D.,  New  York  University,    1896;   B.S.,  Harvard,    1902;   A.M.,   Columbia, 
1904. 

Lea  McIlvaine  Luquer Assistant  Professor  of  Mineralogy 

C.E.,  Columbia,  1887;  Ph.D.,   1894. 
Henry  Clapp  Sherman Professor  of  Food  Chemistry 

B.S.,    Maryland  Agricultural    College,    1893;  A.M.,    Columbia,    1896;    Ph.D., 
1897. 

Albert  P.  Wills Professor  of  Mathematical  Physics 

B.E.E.,  Tufts,  1894;  Ph.D.,  Clark,  1897. 
Samuel  A.  Tucker Assistant  Professor  of  Electro -Chemistry 

Ph.B.,  Columbia,  1895. 

Adolph  Black Assistant  Professor  of  Civil  Engineering 

C.E.,  Columbia,   1894. 

Charles  Edward  Lucke Professor  of  Mechanical  Engineering 

B.S.,  College  of  the  City  of  New  York,  1895;  M.S.,  New  York  University, 
1899;  Ph.D.,  Columbia,  1902. 

Walter  Rautenstrauch Professor  of  Mechanical  Engineering 

B.S.,  Missouri,  1902;  M.S.,  University  of  Maine,  1903. 

William  Campbell Associate  Professor  of  Metallurgy 

B.Sc,  Durham  University,  1898;  D.Sc,  1905;  M.Sc,  Royal  School  of  Mines, 
1903;  Ph.D.,   Columbia,   1903;  A.M.,   1905. 

Edward  Lawrence  Kurtz Assistant  Professor  of  Mining 

E.M.,   Columbia,   1893. 

Carlton  Clarence  Curtis Associate  Professor  of  Botany 

A.B., Syracuse,  1889;  Ph.D.,   1893;  A.M.,  Columbia,  1892. 

S.  Alfred  Mitchell Assistant  Professor  of  Astronomy 

A.M.,  Queens,   1894;  Ph.D.,  Johns  Hopkins,  1898. 

Arthur  L.  Walker Professor  of  Metallurgy 

E.M.,  Columbia,   1883. 


TEACHING  STAFF  5 

George  Braxton  Pegram Assistant  Professor  of  Physics 

A.B.,  Trinity  College  (N.  C),   1895;   Ph.D.,  Columbia,    1903. 

Bergen  Davis Assistant  Professor  of  Physics 

B.S.,  Rutgers,  1896;  A.M.,  Columbia,  1900;  Ph.D.,  1901. 

Adam  Leroy  Jones Chairman  of  Committee  on  Undergraduate 

Admissions  and  Secretary  of  the  Faculty 
A.B.,  Williams,  1895;  Ph.D.,  Columbia,   1898. 

Charles  H.  Burnside Assistant  Professor  of  Mechanics 

B.S.,  Columbia,  1898;  A.M.,   1899. 

Morton  Arendt Assistant  Professor  of  Electrical  Engineering 

E.E.,  Columbia,   1898. 

Charles  P.  Berkey Assistant  Professor  of  Geology 

B.S.,  Minnesota,   1892;  M.S.,   1893;  Ph.D.,  1897. 

John  Harold  Morecroft.  .Assistant  Professor  of  Electrical  Engineering 
E.E.,  Syracuse,  1904;  B.S.,  1907. 

W.  Benjamin  Fite Professor  of  Mathematics 

Ph.B.,  Cornell,  1892. 

Herbert  E.  Hawkes Professor  of  Mathematics 

A.B.,  Yale,   1896;  Ph.D.,    1900. 

Percy  Hodge Assistant  Professor  of  Mechanics 

A.B.,  Western   Reserve,    1892;   B.S.,  Case  School  of  Applied  Science,    1894; 
Ph.D.,  Cornell,   1908. 

Walter  Irvine  Slichter Professor  of  Electrical  Engineering 

E.E.,  Columbia,   1896. 

George  V.  Wendell Professor  of  Physics 

B.S.,  Massachusetts  Institute  of  Technology,  1892;   Ph.D.,  Leipzig,  1898. 

Milton  C.  Whitaker Professor  of  Engineering  Chemistry 

B.S.,   Colorado,    1897;    M.S.,    1899- 

J.  Paul  Jones  Williams Assistant  Professor  of  Civil  Engineering 

B.S.,  Pennsylvania,   189S;  M.S.,   1899;  C.E.,  1908. 

Everett  J.  Hall .Assistant  Professor  of  Assaying 

Floyd  J.  Metzger Assistant  Professor  of  Analytical  Chemistry 

Ph.B.,  Buchtel,   1899;   Ph.D.,  Columbia,   1902. 

Harry  L.  Parr Assistant  Professor  of  Mechanical  Engineering 

A.B.,  Columbia,  1902;  Mech.E.,   1904. 

Samuel  Osgood  Miller Assistant  Professor  of  Drawing 

C.E.,   Columbia,    1895. 

Edward  F.  Kern Assistant  Professor  of  Metallurgy 

B.S.,  Tennessee,   1897;  rh.D.,  Columbia,  1901. 

Hal  T.  Beans Assistant  Professor  of  Chemistry 

B.S.,  Nebraska,  1899;  A.M.,  1900;  Ph.D.,  Columbia,   1904. 

Charles  W.  Thomas.  .Assistant  Professor  of  Mechanical  Engineering 

Mech.E.,   Stevens  Institute,   1S84. 

Alexander  Smith Professor  of  Chemistry 

B.S.,   Edinburgh,   1886;   Ph.D.,   Munich,   1889. 
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Other  Officers 

Edwin  R.  A.  Seligman McVickar  Professor  of  Political  Economy 

A.B.,  Columbia,  1879;  A.M.,  1883;  Ph.D.  and  LL.B.,  1884;  LL.D.,   1904. 

George  W.  Kirchwey Kent  Professor  of  Law 

A.B.,    Yale,    1877;    LL.D.,    Yale.    University  of    Cincinnati,   and    New   York 
University,    1908. 
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INTRODUCTION  n 

INTRODUCTORY 

Columbia  University  was  founded  in  1754  as  King's  College.  In 
1784,  after  the  Revolutionary  War,  King's  College  became,  by  act  of 
the  Legislature  of  the  State  of  New  York,  Columbia  College.  The 
institution  whose  name  was  thus  changed  has  become  Columbia 
University. 

The  first  step  for  the  foundation  of  a  Faculty  of  Applied  Science 
was  taken  in  1864,  when  the  Trustees  approved  the  creation  of  a 
School  of  Mines,  in  which  courses  were  later  established  in  civil 
engineering,  chemistry,  and  metallurgy.  The  growth  of  these  courses 
made  it  seem  desirable  to  adopt  some  more  comprehensive  name  than 
the  historic  title  "School  of  Mines,"  so  that  in  1896  the  Schools  of 
Engineering  and  Chemistry  were  set  off  from  the  School  of  Mines, 
the  three  schools  remaining,  however,  under  the  jurisdiction  of  a 
single  faculty : 

1.  The  School  of  Mines,  with  four-year  courses  leading  to  the  de- 
grees of  Engineer  of  Alines  and  of  Metallurgical  Engineer. 

2.  The  School  of  Engineering,  with  four-year  courses  in  Civil  En- 
gineering, Sanitary  Engineering,  Electrical  Engineering,  and  Mechani- 
cal Engineering,  leading  to  the  degrees  of  Civil  Engineer,  Electrical 
Engineer,  and  Mechanical   Engineer  respectively. 

3.  The  School  of  Chemistry,  with  four-year  courses,  leading  to 
the  degrees  of  Chemist  and  Chemical  Engineer. 

The  courses  are  intended  to  meet  the  requirements  of  the  several 
professions  indicated;  and  many  of  them  permit  a  certain  amount  of 
specialization,  particularly  in  the  fourth  year.  The  work  in  the  School 
of  Mines  is  so  arranged  that  the  student  can  emphasize  the  engineering, 
the  metallurgical,  or  the  geological  side  of  his  profession. 

Candidates  for  a  professional  degree  who  have  some  special  end  in 
view  are  occasionally  permitted  to  vary  the  regular  course  by  substi- 
tuting other  courses  offered  under  the  Faculty  of  Applied  Science. 
Students  holding  an  academic  degree  may  become  candidates  for  the 
degree  of  Master  of  Arts  or  Doctor  of  Philosophy  (see  page  23).  Non- 
matriculated  students,  properly  qualified  by  age,  special  training  and 
experience  and  by  ability,  may  sometimes  pursue  advanced  studies  of 
original  research. 

In  the  regular  Summer  Session  held  at  the  University  in  July  and 
August  of  each  year  and  in  the  Department  of  Extension  Teaching 
many  courses  of  assistance  to  engineering  students  are  offered.  The 
Announcement  of  the  Summer  Session  and  the  Announcement  of  Ex- 
tension Teaching  will  be  sent  upon  application  to  the  Secretary  of  the 
University. 

ADMISSION 

Admission  to  the  Schools  of  Mines,  Engineering  and  Chemistry  is 
by  examination,  certificate  from  approved  degree-granting  institutions 
in  so  far  as  the  certification  corresponds  specifically  with  the  stated 
requirements. 
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Except  for  reasons  of  weight,  candidates  for  admission  to  the  first- 
year  class  must  be  at  least  eighteen  years  of  age  at  the  time  of  matricu- 
lation, and  correspondingly  older  for  admission  to  advanced  standing. 
Each  candidate  must  before  admission  present  a  certificate  of  good 
moral  character  from  his  last  teacher  or  from  some  citizen  of  good 
standing.  Students  from  other  colleges  or  universities  must  bring  cer- 
tificates of  honorable  dismissal.  Students  are  admitted  subject  to  the 
disciplinary  powers  of  the  University  authorities. 

All  requests  for  information  regarding  admission  should  be  addressed 
to  the  Secretary  of  the  University. 

Collegiate  Preparation  Recommended 

The  liberal  training  offered  by  a  preliminary  Collegiate  Course  is 
quite  as  important  to  engineers,  metallurgists  and  chemists  as  to  law- 
yers, physicians  or  clergymen,  and  is  strongly  recommended  by  the 
Faculty  of  Applied  Science.  This,  however,  does  not  and  should  not 
involve  a  residence  of  eight  years  in  college  and  technical  school  before 
a  candidate  receives  the  professional  degree. 

A  graduate  of  any  good  college  who  has  selected  his  course  with 
reference  to  future  work  in  applied  science  is  able  to  complete  the 
requirements  for  a  degree  in  the  Schools  of  Mines,  Engineering  and 
Chemistry  in  less  than  four  years  after  receiving  the  Bachelor's  degree. 
The  opportunities  for  close  articulation  between  Columbia  College  and 
these  Schools  are  particularly  good.  Under  the  provisions  of  the  new 
program  it  is  possible  for  a  well-prepared  student  to  complete  the 
requirements  for  both  the  collegiate  and  professional  degrees  in  six 
years. 

This  six  year  combined  course  includes  two  years  College  work  in 
English,  two  years  in  either  French  or  German  and  one  year  each  in 
History  and  Philosophy,  all  of  these  being  prescribed  for  the  College 
degree  in  addition  to  the  courses  included  in  the  professional  programs. 
The  necessary  total  of  College  credits  for  the  Bachelor's  degree  is 
made  up  by  the  election  of  four  or  more  non-technical  courses,  the 
exact  number  depending  on  the  subjects  offered  for  admission.  These 
should  include  work  in  Economics  and  according  to  the  students'  own 
preferences,  additional  work  in  English,  History,  Philosophy  or  modern 
languages  (Spanish,  for  example),  or  work  in  Latin,  Politics,  or  in 
some  Natural  Science  not  included  in  the  professional  program.  In 
general  it  is  better  to  lay  a  broad  foundation  for  future  professional 
study  than  to  attempt  the  anticipation  of  courses  which  are  later  to  be 
dealt  with  intensively  in  the  professional  program. 

Under  the  regulations,  a  student  may  either  concentrate  his  collegiate 
prescriptions  and  electives  in  the  first  two  years  of  residence  and  then 
enter  the  uniform  first  year  of  the  professional  course,  or  he  may  dis- 
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tribute  the  work  of  the  uniform  first  year,  all  of  which  is  non-profes- 
sional in  character,  over  three  years  of  collegiate  residence,  and  at  the 
beginning  of  the  fourth  year,  enter  the  second  year  of  one  of  the  pro- 
fessional courses.  The  latter  plan,  which  is  more  likely  to  insure  con- 
tinuity in  the  fundamental  courses  in  Mathematics,  Physics  and  Chem- 
istry is,  in  the  judgment  of  the  College  Faculty,  the  more  desirable. 

Requirements  for  Admission  for  Students  without  Collegiate 
Preparation 

Every  candidate  must  offer  at  the  entrance  examinations  (see  below) 
To  the  subjects  amounting  to  fourteen  and  one-half  "units."     A 

First  Year  unit  represents  a  course  of  five  periods  a  week  for  one  year 
Class  in  the  secondary  school. 

Total  requirement 14^  units 

Counting 

The  candidate  must  offer:  in  Units 

Chemistry   1 

Drawing 1 

Elementary  French   ) 

or  V 2 

Elementary  German  ) 

English 3 

Mathematics  3/^ 

Physics 1 

and  three  units  from  the  following: 
Elementary  French  J 

or  v  see  above 2 

Elementary  German  ) 

Elementary  Spanish 2 

Elementary  Latin 2 

Intermediate  French 1 

Intermediate  German 1 

Ancient  History 1 

Modern  and  Mediaeval  History 1 

American  History 1 

English  History 1 

Botany    I 

Physiography   1 

Zoology   1 

Shopwork  I 

Candidates  for  degrees  of  Engineer  of  Mines,  Metallurgical  and 
Chemical  Engineer  or  Chemist,  are  recommended  to  offer  Elementary 
and  Intermediate  German. 

It    is    suggested    that    candidates    deficient    in    entrance    subjects    in 
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June  arrange  to  take  courses  in  them  in  the  Summer  Session  of 
Columbia  University,  the  announcement  of  which  will  be  sent  upon 
application  to  the  Secretary  of  the  University.  Certain  of  the  entrance 
subjects  may  also  be  pursued  under  the  Department  of  Extension 
Teaching. 

The  examination  requirement*  for  admission  may  be  satisfied  by 
any  one  of  the  three  following  means,  or  by  any  approved  combination 

thereof: 
F         .       .  i.  By   the   examinations   of   the   College   Entrance 

animations  Examination  Board.  These  examinations  are  held 
annually  in  June,  in  191 1  beginning  on  June  19th,  at  Columbia  Univer- 
sity and  at  about  one  hundred  and  fifty  other  educational  centers  in 
the  United  States  and  Europe.  A  complete  list  of  the  places  and  times 
of  such  examinations,  together  with  the  regulations  governing  them, 
may  be  obtained  from  the  Secretary  of  the  College  Entrance  Examina- 
tion Board,  Post  Office  Sub-Station  84,  New  York  City. 

2.  By  the  examinations  conducted  by  the  Columbia  University  Com- 
mittee on  Undergraduate  Admissions.  These  examinations  are  held 
in  September  and  January  of  each  year  (beginning  on  September  18, 
191 1,  and  January  15,  1912),  and  only  at  the  University. 

3.  By  the  examinations  of  the  State  Examination  Board  of  the  New 
York  State  Education  Department.  These  examinations  are  held  in 
January  and  June  at  more  than  six  hundred  high  schools  and  other 
institutions  throughout  the  State  of  New  York,  but,  save  in  excep- 
tional circumstances,  are  open  only  to  students  in  those  schools.  Full 
information  regarding  the  regulations  governing  them  may  be  obtained 
by  application  to  the  New  York  State  Education  Department,  Albany, 
New  York. 

A  copy  of  the  time-scheme  of  the  examinations  held  by  the  College 
Entrance  Examination  Board  in  June,  and  by  Columbia  University  in 
September  and  January,  together  with  information  as  to  the  proper 
method  of  filing  application-blanks  for  these  examinations,  the  payment 
of  fees,  the  division  of  examinations,  and  also  detailed  definitions  of  the 
requirements  in  each  admission  subject,  is  given  in  the  Bulletin  of 
Entrance  Examinations  and  Admission  for  191 1,  which  may  be  had  upon 
application  to  the  Secretary  of  the  University. 

A  candidate  may  present  himself  at  any  of  the  series  of  examina- 
tions  scheduled   above,  and   the   results   may   be   credited   toward   the 
.  fulfilment  of  the  requirements  for  admission,  subject 

Govemfn0nS         t0  the  followinS  restrictions: 

Examinations  lm  A  candidate  m  making  application  for  examina- 

tion must  submit  a  statement  from  the  principal  of 
his  school,  or  from  his  last  instructor,  indicating  the  extent  and  char- 
acter of  his  preparation  in  each  subject  in  which  he  applies  for  examina- 
tion, and  credit  may  be  withheld  when  this  requirement  is  not  met. 
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2.  The  results  of  an  examination  may  stand  to  the  candidate's  credit 
for  twenty-nine  months,  but  no  longer. 

3.  A  candidate  may  not  present  himself  for  examination  more  than 
four  times,  except  by  special  consent  of  the  Committee  on  Undergrad- 
uate Admissions. 

4.  The  results  of  the  examinations  conducted  by  the  New  York  State 
Examination  Board  can  be  credited  only  in  so  far  as  the  subject-matter 
of  these  examinations  specifically  covers  the  subjects,  or  lettered  or 
numbered  parts  of  a  subject,  which  are  accepted  for  admission  to  the 
Schools  of  Mines,  Engineering  and  Chemistry.  Candidates  who  have 
been  granted  the  College  Entrance  Diploma  issued  by  the  New  York 
State  Education  Department  may  be  admitted  to  the  Schools  of  Mines, 
Engineering  and  Chemistry  free  of  conditions  if  the  directions  given 
on  page  8  of  the  Columbia  University  Bulletin  of  Entrance  Examina- 
tions and  Admission  have  been  observed.  The  diploma  should  be  for- 
warded to  the  Secretary  of  the  University  together  with  the  applica- 
tion for  admission. 

5.  In  order  to  be  credited  toward  entrance,  the  reports  of  a  candi- 
date's examinations,  together  with  the  statement  of  the  extent  and 
character  of  his  preparation  in  each  subject  offered,  must  be  in  the 
hands  of  the  Committee  on  Undergraduate  Admissions  one  week  prior 
to  the  opening  of  the  term  in  September  or  January. 

6.  The  reports  of  all  examinations  must  be  rendered  to  the  Com- 
mittee on  Undergraduate  Admissions  in  percentages.  The  Committee 
interprets  these  percentages  as  Passed  (P),  or  Failed  (F).  Credit 
toward  admission  is  given  only  for  such  examinations  as  receive  a 
grade  of  P. 

The   uniform  first  year  in  the   Schools  of  Mines,  Engineering   and 
Chemistry,  and  the  efficient  coordination  of  the  subsequent  years,  make 
it    possible    for    graduates    of    colleges    and    scientific 
schools   to  enter  Columbia  University  with   advanced 
standing  and  to  complete  the  requirements  for  a  pro-  vancea 

fessional  degree  without  undue  delay  through  conflicts  standing 

and  other  causes.  It  is  very  desirable,  however,  that  students  in  other 
colleges  who  are  planning  to  take  professional  work  after  graduation 
should  get  into  correspondence  with  the  University  as  early  as  possible. 
If  this  is  done  they  may  receive  advice  with  regard  to  the  most  advan- 
tageous collegiate  subjects  to  elect,  and  also  with  regard  to  the  summer 
courses  of  Columbia  University.  By  taking  certain  summer  work  at 
the  University  in  advance,  a  student  sometimes  may  save  six  months 
or  a  year  in  entering  upon  his  professional  career.  A  separately  printed 
leaflet  on  admission  to  advanced  standing  in  these  Schools  will  be  sent 
on  application  to  the  Secretary  of  the  University. 

Candidates  for  admission  to  advanced  standing  should  make  applica- 
tion in  writing  to  the  Chairman  of  the  Committee  on  Undergraduate 
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Admissions  in  time  to  reach  him  on  or  before  September  n,  191 1.1 
The  application  must  be  accompanied  by  properly  certified  official  state- 
ments of  his  standing  in  the  subjects  which  he  offers. 

The  Committee  will  notify  the  candidate  at  the  address  given  in  his 
letter,  between  September  11  and  15,  191 1,  what  courses,  of  those 
offered,  are  accepted  as  equivalent  to  courses  at  Columbia  University. 
In  general,  the  Committee  gives  credit  for  complete  courses  only.2  In 
cases  where  the  work  previously  done  by  the  candidate  has  not  been 
accepted  by  the  Committee,  the  candidate  should  present  himself  at 
regular  fall  examinations  during  the  two  weeks  immediately  preceding 
the  opening  of  the  University  (in  1911,  September  18-25).  For  courses 
in  which  no  regular  fall  examination  is  held,  the  candidate  should 
report  between  10  a.m.  and  12  m.  at  the  Dean's  office.  The  schedule 
of  fall  examinations  may  be  obtained  from  the  Registrar. 

Admission  to  Special  Courses  of  Study 

Graduates  of  these  Schools,  and  other  institutions  of  equal  grade, 
may  pursue  any  subjects  taught  in  the  schools  for  which  they  are 
qualified. 

Persons  of  mature  age  who  are  not  graduates,  but  who  show  special 
qualifications,  are  sometimes  permitted  to  pursue  special  courses  of 
study,  but  this  permission  is  not  given  to  others. 

Except  by  vote  of  the  Committee  on  Undergraduate  Admissions  no 
one  will  be  admitted  as  a  non-matriculated  student  who  has  been  refused 
admission,  or  has  failed  in  his  work,  as  a  candidate  for  a  degree. 

Persons  who  wish  merely  to  pursue  elementary  subjects  are  not  re- 
ceived as  non-matriculated  students. 

Non-matriculated  students  will  be  held  to  the  observance  of  the  same 
regulations  as  to  attendance,  examination  and  proficiency  as  matriculated 
students. 

Admission  on  Probation 

Every  first-year  student  admitted  conditionally  will  be  held  under 
probation  during  the  first  half-year  of  residence.  So  far  as  possible, 
students  on  probation  are  given  the  opportunity  in  Columbia  College 
or  in  the  Department  of  Extension  Teaching,  to  make  good  their  de- 
ficiencies. Not  later  than  the  end  of  this  period,  the  Dean,  on  the  basis 
of  reports  from  the  head  of  each  department  in  which  the  student  is 
registered,  will  decide  whether  he  shall  be  admitted  to  full  standing, 
have  his  period  of  probation  extended,  or  be  dropped  from  the  roll. 
The  mark  of  7  or  higher,  obtained  in  any  subject  at  the  end  of  the  first 

^Vhen  the  candidate  is  at  a  considerable  distance  from  the  University,  his  appli- 
cation should,  if  possible,  be  made  earlier  than  September  in  order  that  he  may- 
receive  the  reply  in  time  to  present  himself  at  the  University  on  September  18,  191 1. 

2In  cases  where  credit  for  part  of  a  course  might  be  given,  the  candidate  should 
present  his  case  to  the  Chairman  of  the  Committee  on  Undergraduate  Admissions, 
at  the  times  given  above,  bringing  drawings,  note-books,  or  other  evidence  showing 
the  scope  and  character  of  his  work. 
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half-year  residence,  will  be  regarded  as  removing  an  entrance  con- 
dition in  that  subject,  unless  the  condition  was  incurred  in  a  part  of 
the  subject  not  directly  involved  in  the  work  of  the  course.  Any  con- 
dition not  so  removed  must  be  satisfied  by  formal  examination. 

ADVICE  TO  STUDENTS 

Each  student  is  on  entrance  assigned  to  an  officer  of  instruction, 
who  acts  as  his  academic  adviser.  The  adviser  is  kept  informed  as  to 
the  attendance  and  standing  of  all  such  students  in  their  academic 
work  and  as  to  the  extent  and  character  of  their  participation  in  extra- 
curricular activities,  and  he  advises  students  on  all  these  and  other 
matters  that  concern  them  as  students. 

Reports  of  standing  are  sent  to  the  student,  his  parent  or  guardian, 
his  adviser  and  to  the  Dean  every  five  weeks  for  students  in  the  first 
and  second  classes  and  at  the  end  of  each  term  for  students  in  the  third 
and  fourth  classes. 

A  student  who  has  not  been  assigned  to  an  adviser  may  apply  to 
the  Dean  for  such  assignment. 

REGISTRATION 

Before  attending  any  University  exercises  each  student  must  regis- 
ter, i.  e.,  must  present  himself  in  person  to  furnish  the  information 
necessary  for  the  University  records  and  to  file  a  statement  of  the 
courses  he  is  authorized  to  pursue  (for  the  matriculation  or  registra- 
tion fee,  payable  but  once,  see  below). 

The  office  of  the  Registrar,  201  East  Hall,  will  be  open  for  registra- 
tion from  Wednesday,  September  20,  to  Tuesday,  September  26,  191 1. 
New  students  may  register  also  on  September  27.  Credit  for  attend- 
ance will  date  from  September  28. 

Students  prevented,  through  no  fault  of  their  own,  from  completing 
their  registration  in  due  time,  should  file  a  provisional  registration- 
record.        , 

Registration  at  a  later  date  is  permitted  only  to  candidates  who  ob- 
tain the  written  consent  of  the  Dean,  satisfactory  cause  for  the  delay 
having  been  shown.   (For  the  fee  for  late  registration  see  below.) 

Students  holding  scholarships  are  required  to  register  not  later  than 
the  date  specified  in  the  University  calendar;  failure  to  do  so  may  be 
considered  as  vacating  the  scholarship. 

In  case  of  withdrawal  during  the  academic  year,  students  are  re- 
quested to  file  a  notice  thereof  with  the  Registrar,  on  a  blank  form 
provided  for  the  purpose.  An  honorable  dismissal  is 
Honorable  grante(i  t,y  the  Dean  t0  any  student  in  good  standing 
Dismissal  Qver  twenty-one  who  may  desire  to  withdraw,  and,  with 
the  written  assent  of  his  parent  or  guardian,  to  a  student  under  that 
age.  Applications  for  leave  of  absence  should  be  addressed  to  the 
Dean. 


18  MINES,   ENGINEERING   AND   CHEMISTRY 

FEES 

The   President   is  under   instructions  to  withdraw  the  privileges  of 
any  student  delinquent  in  payment  after  the  second  Wednesday  of  each 
half-year.  All  regulations  as  to  fees  are  subject  to  change  by  the  Trus- 
tees at  their  discretion. 
For  Matriculation  or  Registration:    Required  of  all  students  on 

entrance,  payable  but  once $5 

For  late  Registration   (see  above) 5 

For  Tuition  in  the  Schools  of  Mines,  Engineering  and  Chimistry, 
payable  at  the  beginning  of  each  half-year:  For  matriculated 

students  for  each  half-year $125 

For  non-matriculated  students,  $7.50  per  half-year  for  each 
hour  of  attendance  upon  lectures  and  recitations  per  week; 
with  additional  charges  for  laboratory  work  up  to  $25  per  half- 
year  when  the  number  of  hours  weekly  of  such  work  does  not 
exceed  nine,  and  of  $40  per  half-year  when  the  number  of  hours 
weekly  exceeds  nine;  the  whole  not  to  exceed  $125  per  half- 
year. 
For  the  use  of  the  Gymnasium:  Required  of  all  students  who  do 
not  hold  an  academic  degree ;  optional  for  students  holding 

such  a  degree 7 

For  examinations,  payable  in  each  case  before  the  examination: 

For  entrance   (see  p.  13  et  seq.) 5 

For  a  deficiency  examination  or  series  of  deficiency  examina- 
tions held  in  the  week  preceding  the  opening  of  the  first 

half-year,  for  each  course  $5,  with  a  maximum  of 25 

For  a  deficiency  examination  at  any  other  time  than  in  the 
period  designated  above,  whether  taken  at  the  conclusion 
of  a  course  repeated  by  the  student  in  addition  to  his  normal 

schedule,  or  without  such  repetition,  for  each  course1 5 

For  special  examinations  at  unusual  times: 

For  admission,  for  the  series 5 

For  removal  of  deficiencies  in  course,  for  each  course 5 

For  any  professional  degree,  payable  prior  to  filing  of  applica- 
tion"   25 

Laboratory  Fees 

Students  not  candidates  for  a  degree,  as  well  as  all  candidates  for 
the  higher  degrees,  are  charged,  in  addition  to  the  prescribed  tuition  fee, 

1  This  applies  to  every  course  in  which  the  student  has  already  received  a  mark 
other  than  passing,  whether  such  mark  was  reported  as  a  failure,  or  merely  as 
incomplete. 

2  Refunded  to  unsuccessful  candidates  upon  application  to  the  Registrar  not 
later  than  June  20  next  ensuing. 
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a  fee  for  certain  laboratory  courses  and  for  the  use  of  laboratories, 
up  to  a  maximum  fee  of  $125  per  half-year,  including  tuition.  The 
schedule  of  such  fees  may  be  obtained  from  the  Registrar. 


Summer  Courses  in  Surveying 

Laboratory  fees,  payable  on  or  before  the  last  Saturday  in  May, 
are  required  as  follows:  Civil  Engineering  course  No.  15,  $25,  or  $7 
per  survey;  No.  25  and  No.  27,  $15,  or  $5  per  survey;  No.  26,  $5; 
No.  28  and  No.  71,  $10. 

Non-candidates,  candidates  for  admission  to,  and  students  having 
entered  with  advanced  standing,  who  may  be  required  to  attend  these 
courses,  and  students  required  to  repeat  them  through  delinquency,  are 
charged  in  addition  tuition  fees  as  follows :  No.  15,  $35 ;  No.  25,  No.  27, 
No.  28,  and  No.  71,  $25 ;  No.  26,  $10.  Students  entering  with  credit  for 
part  of  course  15  shall  pay  a  tuition  fee  of  $10  for  each  survey.  A 
tuition  fee  of  $6  is  required  for  each  survey  of  courses  25  or  27  taken 
under  similar  conditions.  In  the  case  of  a  student  registered  in  Colum- 
bia College  who  has  paid  an  additional  fee  under  the  operation  of  this 
rule,  an  equitable  credit  will  be  made  should  he  later  complete  the 
requirements  for  a  professional  degree.  In  the  case  of  a  student  ad- 
mitted to  advanced  standing  the  additional  fee  may  be  refunded  in 
whole  or  in  part,  according  to  regulations  which  may  be  learned  from 
the  Registrar. 


Deposits  for  Apparatus,  Supplies  and  for  Keys  to  Desks  and 
Lockers 

^  A  deposit  for  the  use  of  lockers,  keys,  apparatus,  material,  and  the 
like,  ranging  from  $1  to  $40,  is  required  of  students  in  Mines,  En- 
gineering and  Chemistry.  At  the  end  of  the  academic  year  each  student 
will  be  credited  with  those  articles  which  he  returns  in  good  order, 
and  the  value  of  those  he  has  injured  or  broken  will  be  deducted  from 
his  deposit.     Details  may  be  obtained  from  the  Bursar. 

Residence  Halls  and  University  Commons 

(See  page  121) 

Employment  Committee 

(See  page  120) 
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Comparative   Statement  of  Students'   Probable   Expenses  for  the 
Academic  Year 


Matriculation 

Gymnasium • 

Tuition 

Books 

Drafting  material 

Chemical  apparatus 

Room  (37  weeks) 

Board  (37  weeks) 

Clothes  and  laundry 

College  incidentals 

Other  expenses 

Summer  Courses  in  Surveying 

Tuition 

Travelling 

Board  (5  weeks) 


Low 

Average 

Liberal 

%     5 

$  5 

%     5 

7 

7 

7 

250 

250 

250 

30 

45 

60  up 

2 

10 

15  " 

25 

30 

40  " 

100 

129 

160  " 

150 

180 

205  •' 

100 

40 

75  " 

2 

5 

25  " 

10 

25 

75  " 

25 

25 

25 

5 

5 

5  up 

35 

35 

35  " 

$646 

$791 

$982 

The  expense  for  summer  courses  in  surveying  applies  to  all  cur- 
riculums  during  the  first  summer  only;  for  Mining  and  Metallurgical 
Engineering  students  during  two  summers;  for  Civil  and  Sanitary 
Engineering  three  summers. 
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RULES  GOVERNING  STUDENTS 

1.  A  student  cannot  be  a  candidate  for  more  than  one  professional 
degree  at  the  same  time. 

2.  A  candidate  for  a  degree  must  comply  with  all  requirements  in 
force  at  the  time  said  degree  is  conferred. 

3.  A  student  will  be  permitted  to  substitute  one  subject  for  another 
provided  he  obtains  the  consent  of  the  Dean,  the  heads  of  departments 
concerned  and  the  head  of  the  department  giving  the  technical  instruc- 
tion leading  to  the  degree. 

4.  A  student  absent  from  more  than  one-tenth  of  the  required 
exercises  will  be  debarred  from  examination  in  that  subject.  No 
student  shall  be  exempt  from  this  regulation  except  by  action  of  the 
Committee  on  Instruction. 

5.  After  examinations  have  been  held,  officers  shall  send  to  the 
Registrar  a  list  of  all  students  who  have  attended  their  courses,  indi- 
cating proficiency  by  numbers  on  a  scale  of  10,  a  mark  below  6  signi- 
fying a  failure  to  pass.  Reports  of  standing  will  be  sent  to  First  and 
Second-year  students  every  five  weeks  and  to  the  Third  and  Fourth- 
year  students  at  the  end  of  each  term.  Copies  of  all  reports  are  at 
the  same  time  sent  to  the  Dean,  to  the  Faculty  Adviser  and,  in  the 
case  of  First  and  Second-year  students,  to  the  parent  or  guardian.  They 
will  be  sent  to  the  parent  or  guardian  of  Third  and  Fourth-year  stu- 
dents only  on  request. 

6.  Regular  examinations  shall  be  held  at  the  end  of  the  first  half- 
year  and  at  the  end  of  the  second  half-year  in  all  subjects  offered 
during  those  respective  periods.  An  examination  may  be  held  at  the 
completion  of  any  subject  which  does  not  extend  throughout  the  given 
half-year. 

7.  Special  examinations  for  students  deficient  at  regular  exam- 
inations shall  be  held  during  the  two  weeks  in  September  preceding 
the  opening  of  the  next  following  academic  year;  and  for  members 
of  the  fourth  class  in  subjects  belonging  to  that  year  only,  during  the 
first  week  in  May. 

Students  who  have  been  debarred  are  excluded  from  such  exam- 
inations in  accordance  with  the  terms  of  the  following  rule. 

Any  student  who  shall  have  been  debarred  from  any  midyear  or 
final  examination  in  any  subject  shall  not  be  allowed  to  take  a  deficiency 
or  make-up  examination  in  said  subject  until  he  shall  have  repeated 
said  course  in  class. 

8.  Failure  to  pass  a  Summer  Session  course,  credit  for  which  would 
be  accepted  as  equivalent  to  a  regular  undergraduate  course  in  the 
Schools  of  Mines,  Engineering  and  Chemistry,  shall  be  counted,  in 
case  a  student  registers  for  said  course,  as  one  of  the  three  failures 
referred  to  in  Rule  10. 

9.  The  fee  for  special  examinations  is  $5  for  each  course,  which  must 
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be  paid  when  the  application    is  made.     For   special   examinations   in 
the  September  series  the  maximum  fee  is  $25. 

10.  A  student  failing  to  pass  in  any  subject  at  the  regular  exam- 
inations must  present  himself  for  special  examination  as  provided 
under  Rule  7. 

Failing  to  pass  the  second  examination,  he  must  repeat  the  sub- 
ject with  the  next  class.  Failing  a  third  time  to  pass  a  satisfactory 
examination  he  may  be  dropped  from  the  roll  of  the  School. 

11.  Absence  from  any  regular  or  special  examination  provided 
for  in  Rules  7  and  8  shall  count  as  a  failure  unless  excused  by  the 
Dean  for   reasons   of  weight. 

12.  No  student  having  an  entrance  deficiency  shall  be  permitted  to 
register  for  any  subject  of  the  second,  third  or  fourth  year  without  the 
written  consent  of  the  Dean,  and  no  student  shall  be  permitted  to  register 
for  any  subject  the  prerequisites  for  which  have  not  been  satisfied  by  him 
unless  the  Dean,  for  reasons  of  weight,  grants  him  special  permission. 

13-  Any  student  who  shall  have  passed  a  satisfactory  examination 
in  Columbia  College  in  any  subject  forming  a  part  of  one  of  the  pro- 
fessional courses  in  the  Schools  of  Mines,  Engineering  and  Chemistry 
will  not  be  required  to  pursue  that  subject  a  second  time. 

14.  During  vacations  following  the  close  of  each  year,  memoirs  on 
assigned  subjects  must  be  prepared  by  the  students  in  the  courses  of 
Mining,  Metallurgy,  Civil  Engineering,  Electrical  Engineering,  Mechan- 
ical Engineering,  Chemical  Engineering,  and  Chemistry.  The  time 
specified  for  the  completion  and  handing  in  of  memoirs  will  be  as  stated 
in  the  respective  departmental  announcements. 

A  student  failing  to  hand  in  his  memoir,  drawings  or  other  summer 
work  at  the  time  specified  by  the  department  in  which  he  is  registered 
shall  be  considered  to  have  failed;  to  have  his  work  received  later,  he 
will  be  obliged  to  pay  a  fee  of  $5,  as  for  a  special  examination. 

15.  By  permission  of  the  Dean,  and  concurrence  of  the  heads  of 
departments  concerned,  a  student  may  attend  subjects  not  required  for 
his  degree,  provided  such  attendance  does  not  interfere  with  his  regular 
work.  He  must  fulfill  all  the  requirements  exacted  from  regular 
students  in  such  course. 

Application  for  each  special  examination,  except  as  provided  below, 
must  be  filed  at  the  office  of  the  Registrar  at  least  one  week  before 
the  examination  is  to  be  taken,  and  in  September  and  May  at  least  one 
week  before  the  first  day  of  the  respective  examination  period  (in 
1911-12  not  later  than  Monday,  September  11,  and  Monday,  April  22 
respectively).  For  later  application  an  additional  fee  of  $5  for  any 
examination  or  series  of  examinations  will  be  charged.  Applications 
must  be  made  on  blanks  (one  for  each  course)  to  be  obtained  from 
the  Registrar. 

During  the  academic  year  students  will  be  held  responsible  for  the 
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receipt  of  reports  and  other  official  communications  sent  to  them  at 
the  coat  room  in  Havemeyer  Hall.  During  the  summer  vacation  they 
will  be  held  responsible  for  the  receipt  of  such  communications  sent 
to  their  home  address  as  given  on  their  registration  blank  for  the 
preceding  academic  year. 

SCHOLARSHIPS 

Fifty-one  scholarships  of  $250  each,  payable  in  semi-annual  instalments 
during  the  maintenance  of  a  satisfactory  grade,  are  available  to  students 
in  Mining,  Engineering  and  Chemistry  who  are  in  good  academic  stand- 
ing, and  in  need  of  pecuniary  aid.  The  awards  are  not  based  on  compet- 
itive examinations.    Scholars  are  not  exempt  from  the  payment  of  fees. 

Applications  for  appointment  or  reappointment  should  be  made  on 
blanks  furnished  by  the  Secretary  of  the  University,  and  filed  with  him 
on  or  before  May  1. 

Awards  will  be  made  not  later  than  July  1  by  the  Committee  on 
Scholarships.  Scholarships  not  allotted  at  this  time,  or  becoming  vacant, 
may  be  filled  by  the  Committee  at  its  discretion. 

In  detail  these   Scholarships  are  as  follows : 

Open  to  students  who  have  been  in  the  University  at  least  one  year — 
7  J.  Pierpont  Morgan,  7  Cornelius  Vanderbilt,  10  D.  Willis  James, 
1  Morris  K.  Jesup,  1  Samuel  D.  Babcock,  1  Oswald  Ottendorfer. 

Open  to  students  of  any  class — 8  Faculty,  15  Special,  1  Benjamin  B. 
Lawrence.  The  Richard  Butler  scholarship  (open  to  students  born  in 
Ohio;  for  special  regulations  see  University  catalogue)  has  an  annual 
value  of  $200. 

In  addition  40  Pulitzer  Scholarships,  carrying  free  tuition  and  a 
stipend  of  $250,  are  open  to  competition  by  students  in  the  New  York 
City  High  Schools.     For  details  see  the  University  catalogue. 

Marcus  Daly  Scholarship  in  Mining  Engineering 
The  Marcus  Daly  Scholarship  of  the  annual  value  of  $1,000,  main- 
tained by  Mrs.  James  W.  Gerard  in  memory  of  her  father,  is  open  to 
that  worker  or  descendant  of  a  worker  in  the  Montana  mines  who 
passes  the  best  competitive  entrance  examinations.  The  winner  holds 
the  same  throughout  his  course  in  mining  engineering  conditionally 
upon  his  maintaining  a  grade  of  at  least  6.75  in  all  subjects.  The  next 
scheduled  competition  will  be  in  191 1. 

Class  of  '85  Scholarship 

The  class  of  '85  scholarship  is  open  to  duly  registered  students  in 
the  Schools  of  Mines,  Engineering  and  Chemistry,  and  the  holder  is 
entitled  to  receive  the  net  annual  income  of  the  class  of  '85  School 
of  Mines  Scholarship  Fund  of  $7,000.  The  holder  is  subject  to  all 
the  rules  and  regulations  governing  scholarships  awarded  under  the 
jurisdiction  of  the  Faculty  of  Applied  Science. 
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MEDALS  AND  PRIZES 
Prize  of  the        A  prize  of  $50  is  awarded  annually  by  the  New  Jer- 
New  Jersey     sey  Alumni  Association  to  the  New  Jersey  student  who 
Alumni  passes   the  best    entrance   examinations   to    the   Schools, 

Association     with  the  proviso  that  before  the  award  the  student  shall 

complete  satisfactorily  one  half-year  of  academic  work. 
Barnard  A  S°ld  medal  valued  at  $200,   endowed  by  President 

Medal  Barnard,  is  awarded  quinquennially   (next  award,  1915) 

on  the  recommendation  of  the  National  Academy  of 
Science  to  the  person  who  within  the  five  years  next  preceding  shall 
have  made  such  discovery  in  physical  or  astronomical  science,  or  such 
novel  application  of  science  to  purposes  beneficial  to  the  human  race 
as  shall  be  esteemed  most  worthy  of  such  honor.  For  details  and  for 
a  list  of  previous  awards  see  the  Annual  Catalogue  of  the  University. 
Ill*    M  A  be3llcst   of  $2>°°o  by  William   C.    Illig,   E.M.,   '82, 

provides  for  the  annual  award  of  medals  to  the  student 
or  students  in  the  graduating  class  of  these  Schools  who  shall,  in  the 
judgment  of  the  Faculty,  have  merited  the  same  by  commendable  pro- 
ficiency in  their  regular  studies. 

T>     y       p  .  A   prize    in    Mechanical    Engineering,    the    income    of 

nze  $Ij000)  bequeathed  by  Edward  A.  Darling,  formerly 
Superintendent  of  Buildings  and  Grounds,  is  awarded  annually  to  the 
most  faithful  and  deserving  student  of  the  graduating  class  in  mechani- 
cal engineering,  the  recipient  to  be  chosen  by  members  of  the  gradu- 
ating class  in  that  Course  from  among  three  names  to  be  chosen  by 
the  Faculty. 

OPPORTUNITIES   FOR  ADVANCED    INSTRUCTION   AND 
RESEARCH 

Special  attention  is  called  to  the  opportunities  offered  through  the 
Faculty  of  Pure  Science  to  men  who  have  received  the  Bachelor's  degree 
or  its  equivalent  from  any  recognized  college  or  scientific  school  for 
advanced  instruction  and  research  in  Mining  Engineering,  Metallurgy, 
Civil  Engineering,  Electrical  Engineering,  Mechanical  Engineering, 
Chemical  Engineering  and  Chemistry,  leading  to  the  degrees  of  A.M. 
and  Ph.D.  Any  of  the  subjects  mentioned  above  may  be  offered  as  a 
major  or  minor  for  either  of  these  degrees.  An  outline  of  the  courses 
in  these  subjects  which  may  be  offered  toward  the  higher  degrees  by 
candidates  who  have  completed  the  necessary  prerequisites  will  be  found 
in  this  announcement  (see  pp.  80,  86,  101  and  106  et  seq.) ,  and  the 
general  regulations  as  to  graduate  work  are  printed  in  the  Announce- 
ment of  the  Faculties  of  Political  Science,  Philosophy  and  Pure  Science, 
which  may  be  had  upon  application  to  the  Secretary  of  the  University. 
Ordinarily,  the  degree  of  Master  of  Arts  may  be  obtained  after  one 
year's  work  in  residence  and  the  degree  of  Doctor  of  Philosophy  after 
three  years,  the  minimum  requirement  for  the  latter  degree,  however, 
being  two  years.     See  also  p.   123. 
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UNIFORM   CURRICULUM   FOR  THE   FIRST  YEAR 

The  curriculum  for  the  first  year  of  the  four-year  courses  leading 
to  the  degrees  of  Engineer  of  Mines,  Metallurgical,  Civil,  Electrical, 
Mechanical  and  Chemical  Engineer  and  Chemist  is  the  same  in  every 
respect  and  the  student  entering  the  first-year  class  need  not  declare 
which  course  he  will  follow  until  the  beginning  of  the  second  year, 
when  he  will  have  the  advantage  of  the  experience  gained  during  the 
first  year's  work,  where  uncertainty  exists  respecting  inclination  or 
natural  bent. 

As  will  be  seen  in  the  tabular  statement  given  below,  this  first  year 
is  mainly  devoted  to  a  thorough  grounding  in  Mathematics,  Physics 
and  Chemistry,  the  three  fundamental  subjects  which  form  the  indis- 
pensable basis  for  all  broad  and  successful  engineering  work,  not  only 
in  the  remaining  years  of  the  course,  but  throughout  the  entire  pro- 
fessional career.  Specialization  begins  to  some  extent  in  the  second 
year  and  becomes  more  marked  in  the  third  and  fourth  years. 

The  class  is  arranged  in  two  divisions,  Division  B  completing  En- 
gineering Drafting  and  Descriptive  Geometry  in  the  first  term,  while 
Division  A  is  completing  Qualitative  Analysis,  the  two  divisions  re- 
versing the  operation  in  the  second  term.  This  plan  secures  greater 
concentration  of  work;  it  facilitates  the  transfer  of  students  to  advanced 
standing  from  other  institutions;  and  it  enables  well-prepared  students 
entering  in  February  and  taking  advantage  of  the  University  Summer 
Session  to  catch  up  with  their  class  by  the  following  autumn. 

To  secure  the  most  effective  individual  instruction  the  class  is  also 
divided  for  quizzes  and  recitations  into  six,  eight,  and  in  some  cases 
twelve  sections. 


First  Half  Year                                      Hours  per  week 

See  Page 

Class 

Lab'y 

68 

81 

81 

88 

88 

108 

107 

108 

Chemistry  3 
Drafting  1 
Drafting  3 
Mathematics  1 
Mathematics  3 
Mechanics,  1 
Phys.  Educ.  A 
Physics  3 

General  Inorganic  Chemistry 
Engineering  Drafting 
Descriptive  Geometry 
Algebra 

Analytical  Geometry 
Elementary  Mechanics 
Gymnasium 

Elementary  Mechanics,   Properties  of 
Matter  and  Heat                         „ 

Total.. 

3 

1 
3 
2 
3 

2 

5 

14 
2 

19 

i5 

Second  Half  Year 

75 
68 
71 
89 
107 
108 

Civil  Eng.  2 
Chemistry  4 
Chemistry  62 
Mathematics  64 
Phys.  Educ.  A 
Physics  4 

Theory  of  Surveying 

General  Inorganic  Chemistry 

Qualitative  Analysis 

Calculus 

Gymnasium 

Light,  Sound,  Electricity  &  Magnetism 

Total.. 

2 

3 
4 
5 

5 

13 
2 

19 

15 

Summer  Work  :  Civil  Eng.  15s.     Five  weeks  of  surveying  practice. 
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MINING   ENGINEERING 
General  Statement 

The  instruction  in  the  School  of  Mines  during  the  first  and  second 
years  includes  fundamental  training  in  mathematics,  physics,  mechanics, 
chemistry,  mineralogy,  and  geology  as  outlined  in  the  program  of 
studies  on  page  25.  Laboratory  instruction  in  chemistry,  assaying, 
drafting,    mineralogy    and    geology   extends    through   three   years. 

In  the  engineering,  mining,  and  metallurgical  laboratories  the  student 
is  given  opportunity  for  experimental  study  of  these  subjects,  supple- 
menting and  illustrating  the  instruction  given  in  the  class  room.  These 
laboratories  are  also  equipped  to  train  the  student  in  the  making  of 
scientific  tests  of  engineering  materials,  and  working  tests  of  machines 
and  processes  of  ore  treatment,  thus  preparing  him,  as  far  as  it  is 
possible  in  the  school,  for  work  that  he  will  be  called  upon  to  do 
as  an  engineer. 

Practical  instruction  in  summer  classes  in  the  field  is  made  an  im- 
portant feature  of  the  curriculum.  Details  of  the  summer  courses  in 
mining,  metallurgy,  field  geology  and  surveying  will  be  found  on 
pages  30  and  31. 

While  much  time  is  given  to  practical  training  in  the  laboratories, 
in  the  field,  and  at  the  mines  and  metallurgical  establishments,  care  is 
taken  to  subordinate  this  instruction  to  a  high  standard  of  accomplish- 
ment in  the  regular  classroom  work. 

The  courses  are  severe,  and  should  be  undertaken  only  by  those  who 
are  well  prepared  *  '  ysically,  mentally,  and  by  previous  training  to 
devote  themselves  earnestly  to  the  work  required  of  them. 

Advanced  Students  and  Graduates  can  choose  their  subjects  and  plan 
of  work  much  more  freely  than  undergraduates. 

Suggestions  as  to  graduate  work  will  be  found  on  page  101. 

Location— Many  coal,  iron,  and  other  mines,  together  with  quarries 
and  metallurgical  works,  are  easily  accessible  from  New  York  in  from 
one  to  four  hours  by  rail.  Among  these  are  magnetic  iron  mines  in  New 
York,  New  Jersey,  and  Pennsylvania;  stone  quarries  in  the  same 
States,  and  in  Connecticut;  anthracite  and  bituminous  coal  mines, 
and  natural  gas  and  oil  wells  in  Pennsylvania,  and  zinc  mines  in  New 
Jersey.  New  York  and  the  adjacent  States  produce  each  year  about 
half  the  pig-iron  and  coal,  and  over  fifty  per  cent,  of  the  total  value 
of  the  mineral  product  of  the  whole  country.  There  are  within  easy 
reach  of  New  York  City  iron  blast  furnaces  and  some  of  the  most 
skilfully  designed  and  managed  steel  works,  rolling  mills,  steel  and 
iron  foundries,  copper  smelting  and  refining  works,  lead-refining  works, 
zinc  works,  and  electrolytic  establishments  in  the  world.  New  York 
City,  moreover,  is  the  headquarters  of  many  corporations  operating 
mines  and  metallurgical  works  in  this  and  other  countries.     Within  a 
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radius  of  one  hundred  miles  may  be  studied  many  phases  of  the  best 
practice  in  mining  and  metallurgy  in  the  country.  By  going  a  little 
farther  one  may  reach  the  bituminous  coal  fields  and  the  natural  gas, 
oil  and  salt  regions  in  one  direction,  and  the  pyrite  deposits,  and  granite 
and  marble  quarries  of  New  York  and  New  England  in  the  other; 
while  the  excursions  of  the  summer  class  in  mining  extend  as  far  as  the 
copper,  iron,  zinc,  lead,  silver,  and  gold  regions  of  Michigan,  Missouri, 
Montana,  Colorado,  California,  Arizona  and  Utah   (see  page  28). 

Building— The  six-story  School  of  Mines  building,  given  by  Mr 
Adolph  Lewisohn,  is  145  feet  long  by  57  feet  in  width.  The  basement 
and  sub-basement  contain  the  ore-dressing  laboratories.  On  the  main 
floor  are  the  mining  and  metallurgical  museums  and  lecture  rooms. 
On  the  second  floor  are  the  offices  of  the  department  of  mining,  the 
mining  and  metallurgical  department  libraries,  a  drafting-room  for  the 
design  work  of  the  fourth  year,  and  one  of  the  metallurgical  labora- 
tories. On  the  third  floor  are  the  offices  of  the  department  of  metal- 
lurgy, the  furnace  rooms,  the  chemical  laboratory,  metallographic  lab- 
oratory, and  the  research  laboratories  of  the  same  department. 

Equipment 

Lecture  Illustrations— The  lectures  on  mining  are  illustrated  by 
sets  of  books  aggregating  over  300  volumes,  and  containing  85,000 
selected  blue  prints,  each  student  having  the  use  of  books  of  prints  for 
home  study  and  for  reference  during  the  lectures.  These  illustrations 
are  supplemented  by  lantern  slides  or  wall  diagrams. 

Mining  Library— The  University  library  contains  complete  sets  of 
the  transactions  of  all  mining,  metallurgical,  and  engineering  societies, 
and  of  the  more  important  periodical  publications  on  these  subjects! 
There  is  also  a  large  collection  of  books  on  mining,  and  all  new  pub- 
lications of  value  are  added  as  they  appear.  In  addition,  a  small  de- 
partmental library  has  been  created,  which  is  accessible  to  students  at 
all   times. 

Mining  Museum— The  subject  of  mining  is  illustrated  by  collections, 
as^  follows :  Maps  of  coal  and  metal  mines  of  this  and  other  countries.' 
Working  drawings,  diagrams,  and  photographs  of  mine  plant,  and  of 
mining  and  dressing  machinery.  Models  of  mines  and  parts  of  mines, 
and  of  mine  plant.  Mining  tools:  picks,  shovels,  hammers,  drills, 
blasting  apparatus,  lamps,  safety-lamps,  anemometers  and  machine 
drills.  Ores  and  dressing  products  from  typical  works  in  this  and 
other  countries.  Surveying  instruments:  geological  compasses  and 
clinometers,  attraction  compasses,  dipping  needles,  hanging  compasses 
and  arcs,  transits,  lamp  signals,  rods,  and  apparatus  for  plumbing  and 
measuring  shafts. 

Among  the  more  notable  exhibits  is  a  large  relief  model  of  one  of  the 
mines  of  the  Cleveland-Cliffs  Iron  Mining  Co.  of  Michigan,  a  similar 
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model  of  a  typical  gold  mine  in  Colorado,  and  a  set  of  three  glass 
models  and  two  relief  models  of  the  Copper  Queen  Mine  in  Arizona,  a 
model  of  the  mine  workings  in  the  Mahanoy  and  Shenandoah  anthra- 
cite coal  basins  Pennsylvania,  a  glass  model  of  the  mine  workings  on 
the  Calumet  Conglomerate  of  Houghton  County,  Michigan,  a  model 
of  a  standard  oil-well  drilling  rig,  and  a  model  of  the  St.  Joseph  Lead 
Co.'s  dressing  works  at  Bonne  Terre,  Missouri.  There  is  also  a  col- 
lection of  working  drawings  of  mine  plant,  and  a  large  collection  of 
underground  photographs,  taken  by  magnesium  light. 

Mining  Laboratories— These  laboratories,  occupying  seven  rooms, 
serve  to  supplement  the  study  of  ore  concentration  and  milling  made 
by  the  student  as  a  part  of  his  summer  work,  and  afford  him  facilities 
for  such  study  that  cannot  well  be  given  at  the  works.  They  include 
the  following : 

The  Laboratory  for  Mechanical  Assays  contains  appliances  for 
quantitative  work  in  hand  picking,  jigging  and  vanning  small  samples 
of  ore,  and  for  panning  gold-bearing  gravel.  For  small  scale  working 
tests  there  are  a  number  of  specially  designed  laboratory  classifiers, 
jigs  and  slime  tables. 

The  Crushing  and  Sampling  Laboratory  contains  machinery  for 
crushing  and  sampling  large  and  small  lots  of  ore,  including  gyratory 
and  jaw  crushers,  rolls,  a  sample  grinder,  ball  and  pebble  mills  for  fine 
crushing,  gyratory  screens,  automatic  samplers,  and  laboratory  crushers, 
together  with  sieves,  riffle  samplers,  etc. 

The  Laboratory  for  Working  Tests  contains  a  small  vanning  jig, 
an  air  jig,  a  buddle,  a  keeve,  magnetic  and  electrostatic  separators,  and 
other  similar  apparatus  for  working  a  ton  or  more  of  ore  at  a  time. 

The  Laboratory  of  Ore  Dressing  Machinery  contains  full-sized  ma- 
chines of  standard  types,  each  arranged  so  that  the  products,  heads, 
middlings  and  tailings  are  returned  at  once  to  the  same  machine  for 
re-treatment.  With  a  small  quantity  of  ore  each  machine  can  thus  be 
operated  as  long  as  may  be  necessary,  and  the  student  is  afforded  an 
opportunity  to  become  familiar  with  the  adjustments  of  the  machine 
and  the  tests  of  proper  and  successful  working.  The  apparatus  now 
installed  includes  three  Harz  jigs  of  two,  three  and  five  compartments, 
a  Richards'  pulsator  jig  and  two  pulsator  classifiers,  two  round  tables, 
concave  and  convex,  a  Johnston  vanner,  a  Wilfley  table,  and  a  Stein- 
Bilharz  belt  table.  On  the  floor  below  are  full-sized  classifiers,  de- 
watering  cones,  automatic  feeders,  and  centrifugal  pumps  for  supplying 
these  machines  with  water  and  ore  for  continuous  work. 

Mining  Laboratory  Instruction 
The  work  required   is   designed    (i)    to  illustrate   the  physical   laws 
and  practical  conditions  affecting  the  mechanical  concentration,  separa- 
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tion,  and  purification  of  minerals;  (2)  to  instruct  the  students  in  the 
details  of  quantitative  working  tests  on  both  small  and  large  scale; 
(3)  to  train  them  in  the  adjustment  and  operation  of  the  standard 
types  of  concentrating  machines,  and  in  testing  the  efficiency  of  such 
machinery  in  actual  operation,  and  (4)  to  give  opportunity  for  original 
research. 

The  work  includes  the  reduction  of  a  ton  or  more  of  ore  to 
laboratory  samples,  and  tests  on  portions  of  this  ore  by  handpicking, 
hand  jigging,  and  mechanical  treatment  on  laboratory  jigs,  classi- 
fiers, and  slime  tables,  to  determine  the  proper  method  of  mill  treatment. 
These  tests  are  controlled  by  crushing  and  vanning  samples  of  the 
products,  and  reports  of  the  results  obtained  are  made  in  a  systematic 
manner. 

The  large  concentrators  are  arranged  to  be  run  continuously,  for  as 
many  hours  as  may  be  necessary,  using  the  same  ore  and  the  same 
water  again  and. again.  This  is  accomplished  by  running  the  products 
of  the  several  machines  through  dewatering  cones,  from  which  the 
mixed  material  is  transferred  to  the  hoppers  of  automatic  feeders.  Vari- 
able speed  pulleys  permit  any  desired  adjustment  of  the  driving  mechan- 
isms. The  water  supply  is  drawn  from  a  constant  level  tank  fed  by 
a  centrifugal  pump,  and  is  regulated  by  dial  cocks.  Other  adjustments 
are  equally  under  control  and  can  be  varied  at  will. 

With  each  of  these  machines  the  student  makes  a  series  of  experi- 
ments designed  to  bring  out  the  physical  laws  governing  successful 
working,  to  afford  instruction  in  the  practical  details  of  operating  the 
machines,  and  to  give  opportunity  for  engineering  tests  of  capacity 
and  efficiency  under  different  conditions  of  treatment.  These  include 
the  adjustment  and  regulation  of  the  ore  supply,  of  the  feed  and 
wash  water,  of  speed,  stroke,  and  other  working  conditions  to  the 
treatment  of  different  ores  and  different  grades  of  sand  and  pulp. 
In  this  work  the  student  is  taught  to  recognize  the  symptoms  of 
irregular  working,  to  diagnose  the  trouble  with  the  aid  of  laboratory 
tests,  and  to  apply  the  proper  remedy.  Incidentally  he  makes 
tests  of  capacity  and  efficiency,  taking  frequent  samples  of  the  ore 
feed,  and  of  the  different  products  for  quantitative  examination,  and 
weighs  and  measures  the  ore  and  water  supply  and  products  obtained. 

Experiments  of  this  kind  for  purposes  of  instruction  cannot  well  be 
made  at  concentration  works  in  the  field.  There  the  machines  must 
work  regularly  and  without  interruption,  and  any  interference  with 
the  ore  feed,  water  supply,  or  other  adjustments  may  occasion  loss  of 
valuable  mineral. 

Research  Work — The  laboratories  have  facilities  for  original  in- 
vestigation in  the  physical  laws  controlling  the  mechanical  treatment 
of  minerals. 
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Original  researches  have  recently  been  undertaken  by  graduate  stu- 
dents in : 

Investigation  of  magnetic  fields  with  reference  to  ore-concentration; 
the  effect  of  variations  in  the  speed  of  crushing  machinery  on  the 
production  of  undersized  material ;  the  amalgamation  of  gold  ores ; 
an  investigation  of  the  laws  of  jigging. 

Summer    Courses 

Summer  Courses  in  Surveying — About  five  weeks'  work  in  survey- 
ing is  required  of  each  class  between  the  first  and  second  years,  and 
eight  weeks  between  the  second  and  third  years.     See  page  44. 

Summer  Course  in  Mine  Surveying — One  week  is  spent  at  a  mine 
in  underground  surveying.  In  1909  and  again  in  1910  this  work  was 
done  at  the  Orchard  Mine,  Wharton,  N.  J. 

Summer  Course  in  Practical  Mining — Six  weeks  are  spent  in  de- 
tailed study  of  the  plant  and  methods  of  working  at  some  mine  or 
mines  and  in  excursions  to  other  mines  and  mining  regions.  The 
course  includes  shaft-sinking,  drifting,  sloping,  timbering,  underground 
haulage,  hoisting,  mine  drainage,  ventilation,  surface  plant,  mine  build- 
ings, repair  shops,  houses,  etc.,  water  supply,  organization,  administra- 
tion, and  underground  surveying.  Arrangements  are  made  at  numerous 
mines,  by  which  the  students,  singly  or  in  small  groups,  may  do  the 
work  described  above  according  to  a  definite  plan  and  under  the  general 
direction  of  the  department. 

These  summer  courses  have  been  in  operation  since  1877,  and  have 
proved  themselves  an  indispensable  adjunct  to  the  regular  curriculum. 
They  bear  the  same  relation  to  the  study  of  mining  as  laboratory  work 
to  the  study  of  chemistry  or  physics,  or  clinical  instruction  and  hospital 
practice  to  the  study  of  medicine. 

In  1908,  a  division  of  the  class,  in  charge  of  an  instructor,  studied 
at  the  lead  mines  of  the  Federal  Lead  Co.,  Flat  River,  Mo.,  and  the 
zinc  mines  of  the  Joplin  district,  Mo.  The  larger  part  of  the  class 
was  sent  out  in  separate  squads  to  copper,  iron,  gold  and  silver  mines 
in  the  West,  at  which  arrangements  were  previously  made  and  the 
necessary  privileges  secured.  Among  these  mines  were  the  Wolverine, 
Michigan ;  Golden  Reward,  Mogul  and  Homestake,  South  Dakota ; 
Silver  Bow  and  others  of  Butte,  Montana;  the  properties  of  the  Tenn- 
essee Copper  Co.,  and  a  number  of  mines  in  Bisbee,  Tombstone,  Cananea, 
Cripple  Creek  and  Leadville.  Several  members  of  the  class  obtained 
underground  work  in  the  Center  Star  and  War  Eagle  mines,  British 
Columbia,  in  Butte  and  elsewhere.     The  class  numbered  40  men. 

In  1909  the  entire  class  of  39  students  was  again  distributed  in  small 
squads  at  gold,  silver,  copper,  zinc,  lead,  coal  and  iron  mines,  in  Colo- 
rado, Utah,  Arizona,  Idaho,  Montana,  Michigan,  Missouri,  Tennessee 
and  Pennsylvania.     The  time  occupied  was  from  7  to  10  weeks. 
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In  1910,  the  class,  numbering  43  men,  was  scattered  through  16  States 
and  for  the  required  work  visited  over  60  mines. 

In  1905  and  1906  the  non-ferrous  summer  class  in  metallurgy  visited 
copper,  lead,  gold,  silver  and  zinc  works  in  the  vicinity  of  New  York 
City.  The  work  in  iron  and  steel  was  performed  at  several  iron  and 
steel  works  in  the  vicinity  of  Pittsburg  in  1905.  In  1907  students  in 
metallurgy  visited  more  than  twenty  iron  and  steel  plants  near  Pitts- 
burg. In  1908  and  1909  and  1910  this  work  was  done  chiefly  in  the 
several  districts  visited  by  the  squads  of  mining  students. 

This  work  was  supplemented  in  1910  by  organized  trips  in  June  and 
in  November  to  metallurgical  plants  in  the  vicinity  of  New  York. 

Summer  Courses  in  Geology— One  week  is  devoted  to  practical  field 
geology.  The  class  is  instructed  in  methods  of  field  observation,  locat- 
ing outcrops,  measuring  dip  and  strike,  keeping  notes,  etc.,  afterward 
constructing  maps  and  geological  sections  from  the  observations  noted ; 
all  under  the  supervision  of  the  Professor  of  Geology. 

Other    Departments 

Information  as  to  instruction  and  the  equipment  available  for  students 
of  Mining  and  Metallurgy  in  other  departments  of  the  University  is  to 
be  found  in  this  pamphlet  as  follows: 

Chemistry  and  Assaying,  69;  Civil  Engineering  and  Surveying,  75; 
Electrical  Engineering,  82;  Geology,  86;  Mathematics,  88;  Mechanical 
Engineering,  89;  Mineralogy,  102;  Physics  and  Mechanics,  108;  Metal- 
lurgy, 98. 
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ENGINEER  OF  MINES 


The  four-year  course  leading  to  the  degree  of  Engineer  of  Mines  is 
intended  primarily  to  train  men  to  undertake  the  development  of  min- 
eral properties,  the  design  and  construction  of  mine  plants,  and  to 
manage  mines.  It  is  necessarily  a  broad  one,  comprising  a  wide  range 
of  studies  in  pure  and  applied  science,  and  for  this  reason  is  frequently 
taken  by  students  desiring  a  general  scientific  training. 

The  subjects  most  emphasized  in  this  course  are  mining,  metallurgy, 
geology,  and  engineering.  Metallurgy  requires  knowledge  of  inorganic 
and  applied  chemistry,  qualitative  and  quantitative  analysis,  and  assay- 
ing. Geology  must  carry  with  it  preliminary  training  in  crystallography, 
mineralogy,  and  petrography. 

Engineering  in  all  its  branches  needs  a  fundamental  knowledge  of 
mathematics,  physics,  mechanics,  and  thermodynamics.  The  proper 
design  and  construction  of  mining  plants  involves  the  study  of  certain 
branches  of  civil  engineering,  and  the  many  and  increasing  applications 
of  machinery  to  mining  make  it  necessary  to  give  much  time  to  the 
theory  and  practice  of  mechanical  and  electrical  engineering. 

FIRST    YEAR 
See  page  25 


SECOND    YEAR 


First  Half  Year                                    Hours  per  week 

See  Page 

Class 

Lab'y 

75 
81 
86 
108 
89 
102 
107 

Civil  Eng.  23 
Drafting  7 
Geology  5 
Physics  5 
Mathematics  65 
Mineralogy  1 
Phys.  Educ.  B 

Theory  of  Railroad  Surveying 

Structural  Drafting 

General  Geology 

Electricity 

Calculus 

Mineralogy 

Gymnasium 

Total.. 

2 

3 
5 
5 
3 

3 
3 

6 

a 

15 

M 

Second  Half  Year 

71 
73 
82 
86 
108 
102 
107 

Chemistry  66 
Chemistry  82 
Elect.  Eng.  2 
Geology  6 
Mechanics  102 
Mineralogy  2 
Phys.  Educ.  B 

Quantitative  Analysis 
Industrial  Chemistry 
Elements  of  the  Dynamo 
General  Geology 
Analytical  Mechanics 
Mineralogy 
Gymnasium 

Total.. 

3 
3 

2 
3 
5 
3 

12 
3 

3 

16 

M 

Summer  WORK  :  Civil  Eng.  27s  and  28s,  Practical  Surveying  (eight  weeks). 
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THIRD    YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

76 

Civil  Eng.  53 

Resistance  of  Materials 

5 

3 

76 

Civil  Eng    53 

Resistance  of  Materials  (Testing  Lab.) 

3 

72 

Chemistry  69 

Assaying 

2 

9 

87 

Geology  105 

Economic  Geology 

3 

89 

Mech.  Eng.  13 

Steam  Power  Machinery 

3 

90 

Mech.  Eng.  17 

Technical  Thermodynamics 

2 

103 

Mining  51 

Excavation  and  Tunneling 

Total.. 

3 

18 

15 

Second  Half  Year 

76 

Civil  Eng.  54 

Resistance  of  Materials— problem  work 

3 

78 

Civil  Eng.  64 

Graphic  Statics 

1 

3 

82 

Elect.  Eng.  73 

Direct  Current  Laboratory 

3 

82 

Elect.  Eng.  4 

Electric  Distribution 

a 

86 

Geology  4 

Petrography  (6hrs.  for  2  months) 

3 

87 

Geology  106 

Economic  Geology 

3 

89 

Mech.  Eng.  14 

Steam  Power  Machinery 

3 

97 

Mech.  Eng.  76 

Experimental  Mechanical  Engineering 

3 

102 

Mineralogy  6 

Optical  Mineralogy  (6  hrs.  for  2  mos.) 

3 

103 

Mining  53 

Boring  &  Shaft  Sinking 

a 

103 

Mining  54 

Methods  of  Mining 

Total.. 

3 

15 

18 

SUMM 

er  Work  :  Field  v 

irork.  Mining,  Metallurgy,  and  Geology  (E 

to  10  weeks). 

FOURTH  YEAR 


First  Half  Year 

83 

Elect.  Eng.  75 

Alternating  Current  Laboratory 

1 

3 

88 

Geology  aoi 

Petrography  (elective) 

98 

Metallurgy  101, 

Introduction  to  Metallurgy  and  Metal- 

in 

lurgy  of  Copper 

3 

99 

Metallurgy  131, 

Electro-Metallurgy  and  Iron  and  Steel 

a 

104 

Mining  71 

Mine  Plant 

3 

104 

Mining  73 

Mine  Constructions 

1 

104 

Mining  75 

Design  of  Mine  Plant 

11 

105 

Mining  81 

Ore  Dressing 

4 

105 

Mining  91 

Mine  Administration   and  Accounts 

Total.. 

a 

16 

*5 

Second  Half  Year 

78 

Civil  Eng.  76 

Hydraulics 

a 

87 

Geology  16 

Paleontology  (elective) 
Geological  Surveys 

88 

Geology  no 
Mech.  Eng.  74 

3 

97 

Gas  Power  Machinery 

3 

101 

Metallurgy  7a 

Metallurgical  Laboratory  (10  afts) 

a 

99 

Metallurgy  iaa 

Metallurgy  of  Gold,  Silver,  etc. 

3 

104 

Mining  56 

Mine  Engineering 

3 

104 

Mining  73 

Mine  Plant 

3 

1 04 

Mining  78 

Thesis 

xa 

*°5 

Mining  80 

Mill  Constructions 

X 

105 

Mining  82 

Ore  Dressing  (Lab.)— (afts.  of  3  weeks) 

3 

106 

Mining  94 

Mining  Law 

Total.  . 

a 

18 

17 
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METALLURGICAL    ENGINEERING 
General    Statement 

The  primary  aim  of  the  four-year  course  leading  to  the  degree  of 
Metallurgical  Engineer  is  to  train  students  to  take  administrative  or 
laboratory  positions  in  metallurgical  works.  Great  stress  is  laid  on  the 
original  planning  and  executing  of  work,  under  constant  criticism  and 
discussion  from  the  teachers. 

The  undergraduate  instruction  consists  of  (i)  class-room  work,  lec- 
tures, conferences,  study  of  text-books;  (2)  general  laboratory  work 
in  metallurgy;  (3)  training  in  planning  and  executing  original  re- 
search; (4)  summer  courses  and  other  visits  to  industrial  metallurgical 
works. 

Much  importance  is  attached  to  a  thorough  training  in  the  funda- 
mental subjects,  mathematics,  chemistry,  physics,  geology,  mineralogy, 
and  engineering,  and  to  the  higher  branches  of  engineering,  chemistry 
and  important  courses  in  mining  engineering,  with  a  view  to  their  ap- 
plications to  metallurgical  and  like  manufacture. 

The  instruction  in  metallurgy  is  based  on  the  most  advanced  practice 
in  science  of  to-day  and  covers  the  ground  from  the  introductory  courses 
in  metallurgy  to  the  special  advanced  courses  in  the  various  branches  of 
the  subject. 

To  graduate  and  other  advanced  students  and  properly  qualified  prac- 
titioners the  department's  laboratories  are  open  under  generous  restric- 
tions. 

Location   and    Equipment 

Location.  For  the  advantages  of  New  York  and  the  adjacent  states 
see  page  26. 

Metallurgical  Establishments  Accessible.  Some  of  the  most  instructive 
and  advanced  iron,  steel,  copper,  lead,  zinc,  and  electrolytic  works  in 
the  world  are  accessible  to  students  for  the  study  of  many  phases  of 
the  best  metallurgical  practice.  See  also  page  — .  The  summer  classes 
visit  in  different  years  metallurgical  establishments  in  all  parts  of  the 
country,  including  the  extreme  West  and  South. 

Building.  The  department  occupies  about  half  the  new  School  of 
Mines  Building.     See  page  27. 

Collections.  There  are  large  and  growing  collections  of  lecture  dia- 
grams ;  of  models  and  working  drawings  of  metallurgical  furnaces  and 
machinery;  of  apparatus  for  lecture  demonstration  and  illustration  of 
metallurgical  principles  and  processes;  and  a  very  large  collection  of 
metallurgical  specimens  and  suites,  with  descriptive  and  explanatory 
notes.  The  metal-working  shop  has  power-driven  machines  for  cutting 
specimens,  etc.  Most  of  the  furnaces  are  gas-fired,  and  those  furnaces 
which  are  intended  for  precise  work  are  heated  by  electric  resistance. 
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Metallurgical  Laboratories.  Of  these  there  are  three.  They  serve 
four  chief  purposes:  (1)  to  give  skill  in  the  use  of  the  instruments  of 
precision  of  the  art;  (2)  to  teach  the  underlying  principles  of  metal- 
lurgy and  give  familiarity  with  the  conditions,  especially  as  to  high 
temperature,  under  which  metallurgical  operations  must  be  carried  on, 
and  the  use  of  the  principal  types  of  furnaces  and  other  metallurgical 
apparatus,  or  in  short  "Analytical  metallurgy";  (3)  to  give  some  ac- 
quaintance with  certain  industrial  metallurgical  processes,  or  what  may 
be  called  "Applied  metallurgy";  and  (4)  to  give  advanced  students  and 
qualified  practitioners  the  means  of  making  metallurgical  and  metal- 
lographic  researches. 

The  Instruments  of  Precision.  The  students  acquire  skill  with  the 
thermo-electric  pyrometer,  some  industrial  and  some  autographic,  with 
the  Wanner  optical  and  the  Fery  radiation  pyrometer,  besides  which 
they  have  the  opportunity  of  using  the  Mesure  and  Noel  (Ducretet) 
and  the  Le  Chatelier  optical  and  the  Calorimetric  one  of  Siemens. 
There  are  ammeters  and  voltmeters  for  controlling  the  electric  furnaces ; 
sclerometers  for  measuring  hardness;  Fremont  and  Brinell  impact 
testing  machines;  a  tensile  testing  machine;  a  Berthelot  calorimetei 
for  testing  fuels;  and  many  other  instruments. 

Non-Ferrous  and  Electro-Metallurgical  Laboratory.  A.  For  wet  and 
dry  metallurgy,  the  extraction,  refining,  and  alloying  of  the  non-ferrous 
metals,  there  are  ore-roasting  furnaces;  gas-fired  crucible  furnaces; 
assay  muffle  furnaces;  a  high  temperature  forge;  cyanide  plants;  a  filter 
press;  amalgamating  pans;  a  chlorinating  barrel;  ball  mills;  two  de- 
silverization  kettles;  and  pyrometers.  B.  For  electro-metallurgy,  the 
electrical  recovery,  deposition,  refining,  and  alloying  of  metals,  there  are 
storage  batteries ;  electrolytic  refining  vats ;  and  electric  furnaces  of  the 
Moissan  arc,  Borchers  arc  and  resistance  types. 

The  Iron  and  Steel  Laboratory.  Here  there  are  electric  and  double 
muffle  gas  furnaces  especially  designed  for  this  laboratory,  in  which 
many  full-sized  tensile  test  bars  may  simultaneously  be  heated  to  any 
temperature  up  to  13000  C,  with  uniformity  and  precision;  gas  and 
direct-fired  crucible  furnaces;  gas  forges;  many  special  furnaces;  and 
small  power-driven  rolls  for  studying  the  influence  of  the  conditions  of 
rolling  on  the  properties  of  metals. 

The  Metallo graphic  Laboratories,  for  the  microscopic  and  pyrometric 
study  of  metals,  mattes,  slags,  etc.,  in  which  every  student  in  metal- 
lurgical engineering  has  to  become  skillful,  has  microscopes  of  the 
Leitz,  Le  Chatelier,  Swift,  Beck,  and  other  types;  equipment  for 
illumination  and  photography:  electric  resistance  furnaces  of  different 
types;  portable  gas    furnaces;   and  pyrometers. 

An  Analytical  Laboratory  in  which  the  students  apply  to  their  own 
metallurgical  researches  the  methods  of  chemical  analysis  already 
learned  in  the  Department  of  Chemistry    (p.  68). 
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Supplies.  There  is  a  large  stock  of  ores,  irons,  steels,  alloys,  refrac- 
tory materials,  fluxes,  etc.,  which  may  be  used  for  investigations. 

The  Metallurgical  Library,  containing  about  fifteen  hundred  volumes 
of  metallurgical  treatises,  text-books,  periodicals,  etc.,  is  open  to  all 
students,  and  to  others  properly  introduced.  Books  may  be  borrowed 
under  suitable  restriction. 

Metallurgical  Laboratory  Instruction 

In  order  to  become  familiar  with  a  wide  range  of  the  conditions 
and  principles  of  metallurgy,  the  student  makes  many  experiments,  each 
illustrating,  testing,  or  aiming  to  discover  some  one  or  more  metal- 
lurgical principles  or  reactions,  or  the  conditions  which  permit  a  given 
reaction  to  occur.  He  must,  in  general,  after  each  experiment  enun- 
ciate briefly  in  writing  the  law  to  which  his  results  point,  or  indicate 
how  far  those  results  severally  and  collectively  support  or  oppose  a 
given  proposition. 

These  experiments  relate  chiefly  to  such  subjects  as  the  influence  of 
thermal  treatment  on  the  properties  and  microstructure  of  metals  and 
alloys,  especially  iron  and  steel ;  the  determination  of  melting  points  and 
other  temperatures ;  the  relation  between  the  composition  of  slags  and 
their  fusibility;  the  influence  of  fluxes;  the  behavior  of  refractory  ma- 
terials at  high  temperatures,  either  alone  or  in  contact  with  different 
slags;  the  temperature  limits  and  the  reactions  of  roasting  operations; 
the  influence  of  various  bodies  on  the  reactions  which  take  place  in 
roasting,  in  the  cyanide  process,  in  the  chlorination  process,  and  in  pan 
amalgamation;  the  interaction  of  carbon  and  molten  oxides,  sulphides, 
silicates,  etc.,  etc. 

Summer  Courses 

Summer  Courses  in  Metallurgy — No.  62s  for  mining  engineers 
consisting  of  visits  to  non-ferrous  metallurgical  plants  for  a  period  of 
one  week. 

For  metallurgical  engineers  the  summer  course  lasts  six  weeks  and 
includes  No.  64s,  visits  to  iron  and  steel  metallurgical  plants,  and  66s, 
visits  to  plants  for  other  metals.  On  these  trips,  which  cover  the 
practice  in  both  the  east  and  the  west,  the  students  are  instructed 
in  the  actual  metallurgical  operations  as  carried  on  in  the  field.  A 
prominent  part  of  these  courses  consists  of  work  such  as  making 
written  descriptions  of  the  processes,  and  sketches  of  the  furnaces  and 
ether  apparatus,  with  dimensions,  usually  from  the  student's  own  esti- 
mate ;  explaining  the  principles  on  which  the  processes  rest,  the  reasons 
for  the  special  shapes  and  sizes  of  the  apparatus,  the  chief  technical 
difficulties,  how  they  are  overcome,  and  by  what  tests  the  processes 
are  controlled ;  giving  the  number  of  men,  and,  as  far  as  practicable, 
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the  consumption  of  fuel  and  other  materials,  the  thoroughness  of  recov- 
ery of  the  metal  sought,  etc.  From  an  imaginary  set  of  prices  and 
wages  the  students  have  to  calculate  the  cost  and  profit  of  certain 
operations. 

Summer  Courses  in  Surveying— About  thirteen  weeks'  work  in  sur- 
veying is  required  of  the  class  between  the  first  and  second  years. 
See  page  .J2. 

Summer  Courses  in  Geology — After  the  third  year  at  least  one  week 
is  devoted  to  practical  field  geology.     For  details  see  page  86. 

Metallurgical  Excursions — At  stated  times  excursions,  open  only 
to  students  in  Metallurgical  Engineering,  are  made  to  the  neighboring 
foundries,  machine  shops,  mines,  and  other  points  of  interest.  The 
students  attend  these  excursions  in  squads  of  such  size  that  proper  in- 
dividual instruction  can  be  given  to  each  member  of  the  squad. 

Other    Departments 

Information  as  to  instruction  and  the  equipment  available  for  students 
of  Mining  and  Metallurgy  in  other  departments  of  the  University  is  to 
be  found  in  this  pamphlet  as  follows : 

Chemistry  and  Assaying,  page  68;  Civil  Engineering  and  Survey- 
ing, page  75;  Electrical  Engineering,  page  82;  Geology,  page  86; 
Mathematics,  page  88;  Mechanical  Engineering,  page  89;  Mineralogy, 
page  102;   Mining,  page  103;   Physics  and  Mechanics,  page  108. 
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COURSES   LEADING  TO   THE  DEGREE  OF 
METALLURGICAL  ENGINEER 

This  course,  which  covers  four  years,  is  intended  for  those  who 
expect  to  follow  metallurgical  work  and  become  trained  metallurgists 
in  any  of  the  branches  of  the  profession.  For  the  first  two  years  much 
attention  is  paid  to  a  thorough  training  in  fundamental  subjects,  espe- 
cially in  mathematics,  chemistry,  physics,  geology,  mineralogy,  and 
preliminary  courses  in  engineering.  In  the  third  year  instruction  in 
metallurgy  begins  both  by  lectures  and  in  the  laboratories,  while 
courses  in  engineering,  especially  mechanical  engineering,  chemistry, 
and  geology,  are  also  provided  for.  The  fourth  year  is  devoted  largely 
to  advanced  courses  in  metallurgy,  and  great  stress  is  laid  on  giving, 
by  laboratory  work,  familiarity  with  difficult  high  temperature  con- 
ditions of  metallurgy,  skill  in  microscopy  and  pyrometry  and  training 
in  execution  and  in  the  interpretation  of  the  results  developed.  At 
the  same  time  attention  is  devoted  to  the  higher  branches  of  engineer- 
ing and  chemistry  and  to  important  courses  in  mining  engineering 
which  are  considered  necessary. 

In  the  summer  schools,  carefully  arranged  courses  in  general  survey- 
ing, in  railroad  work,  geological  field  work,  and  visits  to  metallurgical 
works  are  provided  for.  In  the  six  weeks'  summer  courses  at  metal- 
lurgical works,  the  students  are  required  to  carefully  study  processes, 
make  dimension  sketches  of  furnaces  and  mills,  and  by  observation  and 
instruction  are  given  a  thorough  understanding  of  metallurgical  opera- 
tions as  conducted  at  the  present  time. 

FIRST   YEAR 

See  page  33 
SECOND  YEAR 


First  Flalf  Year                                      Hours  per  week 

See  Page 

Class 

Lab'y 

75 
108 

89 
103 

86 
108 

81 
107 

Civil  Eng.  23 
Physics  5 
Mathematics'65 
Mineralogy  7 
Geology  5 
Physics  43 
Drafting  7 
Phys.  Educ.  B. 

Theory  of  Railroad  Surveying 

Electricity 

Calculus 

Mineralogy 

General  Geology 

Physical  Laboratory 

Structural  Drafting 

Gymnasium 

Total . . 

a 
5 
5 
3 
3 

18 

3 

3 

6 
3 
2 

17 

Second  Half  Year 

71 

73 
82 
86 
103 
108 
107 

Chemistry  66 
Chemistry  82 
Elect.  Eng.  2 
Geology  6 
Mineralogy  8 
Mechanics  102 
Phys.  Educ.  B. 

Quantitative  Analysis 
Industrial  Chemistry 
Elements  of  the  Dynamo 
General  Geology 
Mineralogy 
Analytical  Mechanics 
Gymnasium 

Total.. 

3 
3 
2 
3 
3 
5 

19 

12 

3 
2 

17 

Summer  Courses:  Surveying  Practice  5  weeks  (Civil  Eng.  27S). 
Surveying  Practice  3  weeks  (Civil  Eng.  28S). 
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THIRD  YEAR 


See  Page 


78 
82 
86 
86 
87 

102 
89 
99 

103 


Civil  Eng.  53 
Chemistry  69 
Geology  105 
Mech.  Eng.  13 
Metallurgy  101 
Metallurgy  111 


Civil  Eng.  64 
Civil  Eng.  76 
Elect.  Eng.  72 
Elect.  Eng.  104 
Geology  4 
Geology  106 
Mineralogy  6 
Mech.  Eng.  14 
Metallurgy  12a 
Mining  54 


First  Half  Year 


Hours  per  week 


Resistance  of  Materials 
Assaying 

Economic  Geology 
Steam  Power  Machinery 
Introduction  to  Metallurgy 
Metallurgy  of  Copper 


Total, 


Second  Half  Year 


Graphic  Statics 

Hydraulics 

Direct  Current  Laboratory 

Electric  Distribution 

Petrography 

Economic  Geology 

Optical  Mineralogy 

Steam  Power  Machinery 

Metallurgy  of  Lead,  etc. 

Methods  of  Mining 


Class 

5 

a 
3 
3 


Total 


Lab'y 

6 
9 


*5 


SUMMER  COURSES  :  Non-ferrous  Works  Visits  3  weeks  (Met.  66S).    Iron  and 
Steel  Works  Visits  3  weeks  (Met.  64S).    Geology  Field  Work  1  week  (Geol  nab). 


FOURTH  YEAR 


69 

83 
90 

99 
100 
100 

IOI 
IOI 
IOI 

104 

105 
105 


105 
105 
106 


First  Half  Year 


Chemistry  121 
Elect   Eng.  75 
Mech.  Eng.  17 
Metallurgy  131 
Metallurgy  141 
Metallurgy  151 
Metallurgy  171 
Metallurgy  175 
Metallurgy  177 
Mining  73 
Mining  81 
Mining  91 


Physical  Chemistry 
Alternating  Current  Laboratory 
Technical  Thermodynamics 
Metallurgy  of  Iron  and  Steel 
Electrometallurgy 
Constitution  of  Alloys 
Metallurgical  Laboratory 
Metallurgical  Investigation 
Metallurgical  Plant  Construction 
Mine  Constructions 
Ore  Dressing 
Mine  Administration  and  Accounts 

Total. 


Second  Hal/  Year 


Chemistry  122 
Mech.  Eng.  72 
Mech.  Eng.  76 
Metallurgy  118 
Metallurgy  128 
Metallurgy  138 
Metallurgy  148 
Metallurgy  172 
Mining  80 
Mining  82 
Mining  94 


Physical  Chemistry 
Gas  Power  Machinery 
Experimental  Mech.  Engineering 
Advanced  Metallurgy  of  Copper 
Advanced  Metallurgy  of  Lead,  etc. 
Advanced  Metallurgy  of  Iron  and  Steel 
Advanced  Electrometallurgy 
Metallurgical  Laboratory 
Mill  Construction 
Ore  Dressing 
Mining  Law 

Total . . 


*5 
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CIVIL    ENGINEERING 

General    Statement 

The  four-year  course  leading  to  the  degree  of  Civil  Engineer  is 
designed  to  afford  a  thorough  analytical  training  in  construction  and 
management.  The  course  contains  numerous  and  extended  practical 
exercises  in  those  matters  which  pertain  to  the  profession  of  the 
civil  engineer  in  relation  to  all  classes  of  structures  and  public 
works  and  in  connection  with  the  various  developments  and  appli- 
cations of  power  by  the  use  of  steam,  electric,  water,  and  air 
motors.  This  course  is  also  designed  to  be  an  educational  preparation 
for  those  duties  or  functions  of  an  executive  character  whose  discharge 
in  connection  with  the  management  of  public  or  other  works  requires, 
or  is  rendered  more  efficient  through,  a  thorough  knowledge  of  civil 
engineering.  The  breadth  and  nature  of  this  educational  training  adapts 
it  no  less  efficiently  to  the  purposes  of  those  who  intend  to  follow  call- 
ings not  of  an  engineering  character  but  which  may  be  related  more 
or  less  to  manufacturing,  to  structural  matters,  or  to  the  development 
and  application  of  power.  The  theoretical  portion  of  the  instruction 
is  based  largely  upon  the  courses  given  in  the  departments  of  Mathe- 
matics, Mechanics,  and  Physics,  and  the  results  obtained  are  applied 
to  practical  engineering  work.  Special  stress  is  laid  upon  the  design  by 
the  student  of  the  various  structures  and  machines  which  the  civil  engi- 
neer is  called  upon  to  construct  or  operate  in  the  practice  of  his  profes- 
sion. The  instruction  is  given  by  lectures,  demonstrations  by  the  student, 
and  frequent  conferences,  co-ordinate  with  which  the  work  of  design  is 
continuously  carried  on.  It  covers  comprehensively  the  subjects  of  sur- 
veying, road  and  railroad  engineering,  water  supplies  of  cities  and  towns, 
irrigation,  sanitary  engineering,  including  sewage  disposal,  both  graphic 
and  analytic  treatment  of  all  metallic  structures,  foundations,  retaining 
and  reservoir  walls,  high  masonry  dams,  sewer  systems,  hydraulic  en- 
gineering, rivers  and  harbors,  pumping  engines,  hydraulic,  steam  and 
electric  motors. 

Ample  facilities  are  afforded  for  post-graduate  students  in  civil  en- 
gineering, and  special  students  are  admitted  to  various  engineering 
courses  of  the  department  upon  evidence  of  proper  qualifications. 

Equipment 

The  school  possesses  an  unusually  full  equipment  of  engineers'  and 
solar  transits,  levels,  plane  tables,  compasses,  and  all  accessories,  as  well 
as  smaller  instruments.  Current  meters,  hook  gauges,  and  floats  of 
various  types  are  also  used  in  making  observations  on  the  flow  in,  and 
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discharge  of,  rivers  and  canals.  A  complete  set  of  sections  of  iron  and 
steel  shapes,  models  and  photographs  of  engineering  works,  together 
with  working  plans  of  the  latter,  are  in  the  department  for  the  use  of 
students.  The  hydraulic  laboratory  affords  opportunity  for  the  prac- 
tical operations  of  measuring  the  discharge  through  weirs  and  other 
orifices,  the  flow  through  open  channels  and  closed  pipes,  frictional  and 
other  resistances  in  pipes  and  open  channels,  as  well  as  for  meter  gaug- 
ings,  and  for  general  hydraulic  investigations.  The  testing  work  in  the 
mechanical  laboratory  includes  the  complete  tests  of  various  structural 
materials  in  tension,  compression,  bending,  and  torsion,  including  the 
observation  and  digesting  of  ail  corresponding  data. 

A  cement-testing  laboratory  is  fully  equipped  with  testing  machines, 
briquette  molds,  tanks,  and  other  apparatus  requisite  for  all  classes  of 
investigations  in  the  nature  and  physical  properties  of  cements  and 
cement  mortars. 

A  complete  laboratory  for  the  testing  of  road  materials  has  been 
established  and  is  constantly  in  use  for  investigations  connected  with 
materials  suitable  for  road  building.  The  facilities  offered  by  the  labora- 
tory are  full  and  sufficient  to  make  all  tests  required  to  determine  resist- 
ance to  abrasion,  classification  of  sand,  gravel  and  broken  stone  and  the 
cementing  power  of  all  qualities  of  road  materials.  The  laboratory  is 
at  the  service  of  students  and  is  used  by  them,  both  for  the  ordinary 
prosecution  of  studies  to  which  the  determination  of  results  is  related 
and  for  the  purposes  of  thesis  work,  and  other  similar  investigations. 

The  Materials  Testing  Laboratory  is  located  at  the  north  end  of 
the  main  floor  of  the  Engineering  Building.  It  is  fully  equipped  with 
modern  appliances  for  the  conduct  of  tests  upon  all  structural  materials. 
There  are  seven  testing  machines  varying  in  capacity  from  600  lbs.  to 
400,000  lbs.,  representing  all  American  types,  including  a  150,000-lb. 
Emery  hydraulic  power  machine,  which  is  a  standard  of  accuracy,  and 
the  refinement  of  mechanical  construction.  These  machines  are  suited 
to  make  tension,  compression,  transverse  and  torsion  tests  upon  metals, 
also  to  make  all  desired  tests  upon  building  materials,  such  as  timber, 
stone,  brick,  concrete  blocks  or  concrete-steel  beams,  columns,  partition 
blocks,  and  all  built  up  materials. 

The  laboratory  is  also  liberally  supplied  with  a  large  assortment  of 
extensometers,  deflectometers,  micrometers,  gauges,  and  similar  instru- 
ments of  precision  for  measurement  of  test  pieces. 

Other  apparatus,  such  as  delicate  scales  of  different  sizes  for  use  in 
absorption  and  freezing  tests  on  building  materials,  also  pyrometers 
and  furnaces  for  the  conduct  of  fire  tests  upon  all  kinds  of  fire-resisting 
materials  are  available. 
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General    Statement    of    the    Summer    Courses    in    Surveying    and 
Geodesy  at  Camp  Columbia,  Morris,   Conn. 

The  instruction  in  Surveying  given  by  the  Department  of  Civil  Engi- 
neering consists  of  lectures,  recitations  and  problem  work,  supplemented 
by  instrumental  practice  in  field  work,  and  office  work  in  computation 
and  mapping.  The  general  lectures  and  recitations  are  given  at  the 
University.  The  field  practice  is  given  during  the  three  summer  vaca- 
tions of  the  regular  four-year  course.  The  subject  of  Geodesy  is  given 
by  the  Department  of  Astronomy,  and  the  practical  work  connected 
therewith  is  done  under  the  supervision  of  that  department  by  students 
in  Civil  Engineering  during  a  portion  of  five  weeks  of  the  summer 
vacation  between  the  third  and  fourth  years.  The  theory  of  Plane 
Surveying,  including  Railroad  Surveying,  is  given  by  the  Department 
of  Civil  Engineering.  The  field  practice  is  conducted  under  the  direction 
of  the  Department  at  Camp  Columbia,  a  point  in  the  country  near  Litch- 
field, Conn.,  where  ample  facilities  are  provided  for  all  requisite  opera- 
tions, and  where  the  topography  and  climate  are  admirably  adapted  to 
the  practical  work  of  surveying.  Five  weeks'  continuous  attendance  is 
required  of  all  students  in  the  Schools  of  Mines,  Engineering  and 
Chemistry  during  the  summer  between  the  first  and  second  years.  (See 
C.  E.  15,  page  75.)  Five  weeks'  additional  attendance  is  required 
of  all  students  in  Civil  Engineering  (see  C.  E.  25,  page  75),  and 
eight  weeks  of  all  students  in  Metallurgy,  and  eight  weeks  of  all 
students  in  Mining  (see  C.  E.  27  and  28,  page  76)  during  the 
summer  between  the  second  and  third  years.  Nine  weeks'  continuous 
attendance  is  required  of  all  students  in  Civil  Engineering  during  the 
summer  between  the  third  and  fourth  years  (see  C.  E.  26,  Astronomy 
107  and  C.  E.  71,  pages  76,  68,  78).  During  the  summer  of  191 1  the 
Summer  Courses  in  Surveying  and  Geodesy  will  be  in  session  about 
fifteen  weeks. 

No  student  taking  these  courses  will  be  excused  from  any  part  of 
any  course  on  account  of  work  done  elsewhere,  unless  that  work  has 
been  done  under  the  immediate  direction  of  an  instructor  of  an  institu- 
tion which  grants  degrees  in  Mining  or  Civil  Engineering.  In  no  case 
will  credit  be  given  except  upon  the  evidence  of  field-notes,  maps,  and 
reports  presented  to  the  Professor  in  charge  of  the  courses. 

Two  examinations  will  be  held  at  Camp  Columbia  for  new  students, 
special  students  and  students  who  fail  to  receive  a  mark  of  5.0  (this 
is  not  a  passing  mark  in  C.  E.  2,  but  entitles  the  student  to  take  Course 
C.  E.  15)  or  more  in  C.  E.  2,  and  this  examination  must  be  taken  by 
these  men  before  they  begin  field  work.  The  first  examination  will  be 
held  July  7  for  students  who  desire  to  enter  with  Div.  G,  and  the  sec- 
ond one  August  11,  191 1,  for  students  who  desire  to  enter  with  Div.  I. 

The  University  provides  houses  or  tents  having  elevated  floors,  fur- 
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nished  with  cots  and  drafting  tables.  There  are  also  provided  a  dining 
hall  and  bath  house.  Arrangements  may  be  made  for  laundry  work  to 
be  done  in  the  neighborhood.  A  supply  of  drafting  materials  (not 
instruments)  is  kept  on  sale.  Especial  attention  is  given  to  the  whole- 
some and  substantial  character  of  the  table. 

The  cost  of  board  is  $675  per  week  and  is  charged  against  the  indi- 
vidual deposits.  The  account  against  each  student  is  reckoned  from 
the  day  announced  for  his  division  to  assemble.  No  allowances  or  re- 
ductions are  made  for  absences  of  less  than  one  week,  and  then  only 
in  the  event  of  notice  having  been  given  and  excuse  granted  by  the 
officer  in  charge  at  least  one  day  in  advance  of  the  beginning  of  such 
absence. 

Each  student  intending  to  take  work  in  these  courses  must  register 
with  the  Registrar  of  the  University  not  later  than  May  10.  Subse- 
quent changes  in  plans  must  be  reported  at  once. 

Every  student  must  be  present  on  the  day  appointed  for  his  division 
to  assemble,  unless  other  arrangements  have  been  made  with  the  officer 
in  charge.  Failure  to  comply  with  this  regulation  may  be  sufficient 
cause  to  refuse  the  applicant's  admission  to  the  courses. 

Deposits  for  Camp  Expenses 

Every  student  before  starting  for  Camp,  and  at  the  same  time  the 
fees  for  the  summer  session  in  surveying  are  paid,  shall  make  a  deposit 
at  the  Bursar's  office  at  Columbia  University  to  meet  Camp  expenses, 
viz.,  board,  laundry,  charges  for  drawing  material,  notebooks,  etc.; 
also  to  cover  any  damage  to,  breakage,  or  loss  of  instruments  or  Camp 
equipment,  and  transportation  of  self  and  baggage  from  the  station 
to  and  from  the  Camp.  The  Bursar's  receipt  for  said  deposit  shall  be 
presented  to  the  professor  in  charge  of  the  summer  session  upon  the 
arrival   of  the  student  in  Camp. 

The  amounts  of  the  deposit  varies  with  the  course  or  the  number  of 
courses  taken  and  is  as  specified  below.  Students  intending  to  take  two 
or  more  courses  shall  deposit  an  amount  equal  to  the  sum  total  of  the 
deposits  herein  specified  for  the  respective  courses.  The  balance  of  the 
deposit  which  shall  remain  to  the  credit  of  the  student  after  his  with- 
drawal from  the  session  will  be  returned  to  him  during  the  following 
October  upon  his  application  to  the  Bursar  of  Columbia  University.  In 
case  the  total  charges  exceed  the  deposit  the  student  will  be  subject  to 
an  additional  assessment. 

For  schedule  of  fees  and  deposits,  see  page  18. 
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Schedule  of  Attendance 

In   191 1   the  School  Session  opens  June  3  and  closes  September  16. 
Div.   A— June  3  to  July  8,  5  weeks— Course   25. 

Open  for  all  2d,  3d,  4th  year  students  in  Civil  Engineering  who 
have  completed  Course  15. 
DiVi  B— June  3  to  July  8,  5  weeks— Course  27. 

Open  for  all  2d,  3d,  4th  year  students  in  Mining  Engineering  and 
Met.  Engineering  who  have  completed  Course  15. 
Div.   C— June  3  to  July  8,  5  weeks— Course  15. 

Open   for  all   2d,   3d   and  4th   year   students   in  the   Schools   of 
Mines,     Engineering,     and     Chemistry     who     have     not     finished 
Course  15. 
Div.  D— June  3  to  July  8,  5  weeks— Course  15. 

Open  for  20  or  25  men  of  all   1st  year  students  as  assigned  on 
basis  of  scholarship. 
Div.  E— July  8  to  August  12,  5  weeks— Course  25. 

Open  for  2d,  3d,  4th  year  students  in  Civil  Engineering  who  re- 
ported with  Div.  C  or  Div.   D   for  Course   15. 
Div.   F— July  8  to  August  12,  5  weeks— Course  27. 

Open  for  2d,  3d,  4th  year  students  in  Mining  and  Metallurgy  who 
reported  with  Div.  C  or  Div.  D  for  Course  15. 
Div.    G— July  8   to    August    12,   5    weeks— Course    15. 

Open  for  1st  year  students  as  assigned  from  those  not  assigned 
to  Div.  D  and  of  those  who  do  not  register  for  the  summer  session 
in  New  York.     (Probably  75  men.) 
Div.   H— July    15    to    August    19,    5    weeks— Course    26    C.    E.    and 
Course  107  Astronomy. 
For  3d  and  4th  year  students  in  Civil  Engineering  who  have  fin- 
ished Course  15  and  Course  25. 
Div.  I — August  12  to  September  16,  5  weeks — Course   15. 

For   1  st  year   students  as  assigned   from  those  not  assigned  to 
Div.  D  or  Div.  G.    (Special  dates  may  be  arranged  for  those  who 
attend  Summer  Session  at  Columbia  University  in  New  York.) 
Div.  J— August  19  to  September  16,  4  weeks— Course  71. 

For  3d  and  4th  year  students  in  Civil  Engineering  who  have  fin- 
ished  Course   15,   Course  25   and   Course   51-52. 
Div.  K— August  17  to  September  16,  4l/2  weeks— Part  of  Course  25 
or  Course  27. 
For  2d,  3d,  4th  year  students  in  Mining,  Metallurgy  and  Civil 
Engineering  who  reported  with  Div.    C   and   who   withdrew   with 
permission  on  July  4  to  attend  Summer  Session  at  Columbia  Uni- 
versity, in  New  York. 
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Div.  L — *August  17  to  September  16,  4T/2  weeks — Part  of  Course  15. 
For  special  students  not  heretofore  registered  at  Columbia  Uni- 
versity but  who  have  been  in  attendance  at  Summer   Session  at 
Columbia. 
Div.  M — August  26  to  September  16,  3  weeks — Course  28. 

For  2d,  3d,  4th  year  students  in  Mining  and  Metallurgy  who  have 
finished  Course  15,  Course  27  and  Course  23. 

*  Special    students   wishing   to    enter    this  course  and   who  are  not   in  attendance 
at    Summer    Session    in    New    York    should  report  August  12. 
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COURSE  LEADING  TO  THE  DEGREE  OF 
CIVIL  ENGINEER 


FIRST   YEAR 
See  page  33 


SECONB   YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

68 

Botany  7 

Growth  and  Character  of  Timbers 

1 

3 

81 

Drafting-  5 

Graphics 

3 

108 

Physics  5 

Electricity 

5 

8g 

Mathematics  65 

Differential  and  Integral  Calculus 

5 

89 

Mech.  Eng.  13 

Steam  Power  Machinery 

3 

102 

Mineralogy  5 

Minerals  of  Building  Stones 

2 

2 

103 

Mining  53 

Excavation,    Tunneling,    Boring    and 
Shaft-sinking 

2 

107 

Phys.  Educ.  B 

Gymnasium 

2 

in 

Shop  Work  15 

Forging  and  Foundry  Practice 

3 

108 

Physics  43 

Physics  Laboratory 

Total.. 

3 

18 

16 

Second  Half  Year 

73 

Chemistry  82 

Industrial 

3 

81 

Drafting  6 

Graphics 

3 

81 

Drafting  8 

Structural  Drafting 

6 

82 

Elect.  Eng.  2 

Electrical  Engineering 

2 

87 

Geology  18 

General  Geology 

3 

*3 

89 

Mech.  Eng.  14 

Steam  Power  Machinery 

3 

108 

Mechanics  102 

Analytical  Mechanics 

5 

99 

Metallurgy  134 

Iron  and  Steel 

2 

107 

Phys.  Educ.  B 

Gymnasium 

9 

108 

Physics  44 

Physics  Laboratory 

3 

in 

Shop  Work  16 

Machine-work 

Total.. 

18 

3 

18 

♦Satur 

day  P.M.,  1  aftern 

)on  during  April  and  Mav— equivalent  1 

hour. 

Summer  Work : 

Practical  Surveying  Civil  Eng.  25S—  5 

weeks. 

CIVIL  ENGINEERING 
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THIRD   YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

68 

Astronomy  105 

Geodesy 

3 

75 

Civil  Eng.  21 

Roads,  Streets  and  Pavements 

76 

Civil  Eng.  51 

Railroad  Surveying 

2 

3 

76 

Civil  Eng.  53 

Resistance  of  Materials 

5 

3 

76 

Civil  Eng.  53 

Resistance  of  Materials  (Testing  Lab.) 

3 

77 

Civil  Eng.  59 

Sanitary    Treatment,    Water    Supply 
and  Sewage 

2 

77 

Civil  Eng.  61 

Theory  of  Trusses 

2 

3 

90 

Mech.  Eng.  17 

Technical  Thermodynamics 

2 

97 

Mech.  Eng.  77 

Mechanical  Laboratory 

Total.. 

1 

3 

18 

15 

Second  Half  Year 

68 

Astronomy  106 

Geodesy 

j 

3 

76 

Civil  Eng.  52 

Railroad  Surveying 

3 

3 

76 

Civil  Eng.  54 

Resistance  of  Materials  (Problems) 

3 

77 

Civil  Eng.  58 

Masonry  Structures 

3 

3 

78 

Civil  Eng.  62 

Graphic  Statics 

2 

3 

82 

Elect.  Eng.  72 

Direct  Current  Laboratory 

I 

3 

82 

Elect.  Eng.  4 

Electric  Distribution 

2 

90 

Mech.  Eng.  18 

Technical  Thermodynamics 

2 

97 

Mech.  Eng.  78 

Kinematics 

Total.. 

3 

17 

18 

SUMJ 

1ERWORK:    {  g£ 

rographic  Surveying— Civil  Eng.  26S     1 
detic                     "          —Astronomy  107S ) 

5  week 

5. 

Railroad  sur 

veying  practice— Civil  Eng.  71 S— 4  week 

3. 

FOURTH    YEAR 


First  Half  Year 

73 

Civil  Eng.  75 

Hydraulics 

4 

73 

Civil  Eng.  85 

Foundations 

2 

3 

79 

Civil  Eng.  87 

Bridges,  Roofs  and  Buildings 

2 

3 

79 

Civil  Eng.  89 

Railroad  Engineering 

3 

3 

85 

Civil  Eng.  98 

Water  Supply  and  Irrigation  Eng. 

2 

80 

Civil  Eng.  99 

Thesis 

3 

93 

Mech.  Eng.  41 
Mech.  Eng.  63 

Machine  Design 

I 

3 

95 

Hydraulics  Laboratory 

Total.. 

3 

"4 

18 

Second  Half  Year 

79 

Civil  Eng.  88 

Bridges,  Roofs  and  Buildings 

2 

3 

79 

Civil  Eng.  90 
Civil  Eng.  94 

Railroad  Engineering 

(  Design  and  Construction  of  Se%vers  ( 

j  River  and  Harbor  Improvement       j 

3 

3 

79 

97 

Law  2 

Business  Law 

2 

80 

Civil  Eng.  100 

Thesis 

3 

6 

83 

Elect.  Eng.  76 

Alternating  Current  Laboratory 

1 

3 

84 

Elect.  Eng.  112 

Electric  Railway 

2 

93 

Mech.  Eng.  46 

Hydraulic  Power  Machinery 

Total.. 

3 

18 

*5 
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COURSE  IN    SANITARY  ENGINEERING 

The  course  in  Sanitary  Engineering  is  a  differentiation  from  the 
regular  course  in  Civil  Engineering  and  naturally  leads,  therefore,  to 
the  same  degree.  The  first  year  is  identical  with  the  first  year  of  other 
engineering  courses,  while  the  second  year  is  almost  identical  with  the 
regular  second-year  work  of  the  course  in  Civil  Engineering.  The 
special  extensions  in  sanitary  work  are  developed  in  the  third  and 
fourth  years.  It  will  be  found  that  these  sanitary  subjects  are  set 
forth  so  as  to  cover  in  a  thorough  and  comprehensive  way  those  spe- 
cial fields  occupied  by  the  sanitary  engineer  of  the  present  day.  They 
include  the  sanitary  treatment  of  water  supplies  and  sewage  with  special 
work  extended  both  by  lectures  and  laboratory  work  into  biology  and 
bacteriology,  standard  laboratory  methods  in  the  sanitary  administra- 
tion of  public  water  supplies,  drainage,  heating  and  ventilation  and  the 
general  principles  of  sanitary  science,  public  health  and  hygiene.  These 
sanitary  specialties  are  of  advanced  character,  covering  the  latest  inves- 
tigations in  such  special  work  as  daily  bacterial  tests  of  potable  water 
for  public  purposes,  the  extermination  of  mosquitoes  and  other  disease- 
carrying  insects,  the  improvement  of  public  health  conditions  found  in 
cities  and  towns,  the  drainage  and  sanitary  treatment  of  lands  and  the 
sanitary  administration  of  buildings  and  industrial  establishments  liable 
to  create  nuisances.  A  graduate,  therefore,  of  this  course  is  qualified  to 
enter  the  advanced  practice  of  sanitary  engineering  in  all  its  special 
fields. 

SECOND  YEAR 


First  Half  Year 

Hours  per  v  eek 

See  Page 

Name  of  Course 

Description  of  Course 

Lect. 

Lab'y 

68 

Botany  7 

Growth  and  Character  of  Timbers 

1 

S 

71 

Chemistry  65 

Quantitative  Analysis 

2 

6 

81 

Drafting  5 

Graphics 

4 

108 

Physics  5 

Electricity 

5 

89 

Math.  65 

Differential  and  Integral  Calculus 

5 

89 

Mech.  Eng.  13 

Steam  Power  Machinery 

3 

102 

Mineralogy  5 

Minerals  of  Building  Stones 

2 

2 

107 

Phys.  Educ.  B 

Gymnasium 

Total.. 

2 

18 

»7 

Second  Half  Year 

73 

Chemistry  8a 
Drafting  8 

Industrial  Chemistry 

3 

81 

Structural  Drafting 

2 

8a 

Elect.  Eng.  1 

Electrical  Engineering 

2 

87 

Geology  18 

General  Geology 

3 

3* 

108 

Mechanics  102 

Analytical  Mechanics 

5 

89 

Mech.  Eng.  14 

Steam  Power  Machinery 

3 

99 

Metallurgy  134 

Iron  and  Steel 

2 

108 

Physics  44 

Physics  Laboratory 

6 

in 

Shop  Work  16 

Bench  and  Machine 

3^ 

74 

Chemistry  92a 

Microscopy 

a* 

107 

Phys.  Educ.  B 

Gymnasium 

Total.. 

2 

18 

15 

*  February  and  Mai 

ch— Microscopy  ;  April  and  May — G« 

jology. 

Summer  Work 

Practical  Surveying  C.E.  25—5  we 

eks. 
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THIRD  YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Name  of  Course 

Description  of  Course 

Lect. 

Lab'y 

75 

Civil  Eng.  21 

Roads,  Streets,  and  Pavements 

1 

in 

Zoology  7 

Sanitary  Biology            { 
Sanitary  Bacteriology  f 

68 

Bacteriology  101 

6 

76 

Civil  Eng.  51 

Railroad  Surveying 

2 

3 

76 

Civil  Eng.  53 

Resistance  of  Materials 

5 

3 

76 

Civil  Eng.  53 

Resistance  of  Materials  Testing 

3 

77 

Civil  Eng.  59 

Sanitary  Treatment  of  Water  Sup- 
plies and  of  Sewage 

2 

77 

Civil  Eng.  61 

Theory  of  Trusses 

2 

3 

7i 

Chemistry  41 

Organic  Chemistry 

Total.. 

2 

16 

18 

Second  Half  Year 

76 

Civil  Eng.  52 

Railroad  Surveying 

3 

3 

76 

Civil  Eng.  54 

Resistance  of  Materials 

3 

77 

Civil  Eng.  58 

Masonry  Structures 

3 

3 

78 

Civil  Eng.  62 

Graphic  Statics 

2 

3 

70 

Chemistry  42 

Organic  Chemistry 

2 

82 

Elect.  Eng.  72 

Direct  Current  Laboratory 

I 

3 

82 

Elect.  Eng.  4 

Electric  Distribution 

2 

97 

Mech.  Eng.  78 

Kinematics 

Total.. 

3 

16 

15 

Summer  Work  :    H3 

rdrographic  Surveying,  C.  E.  26S— 5 

weeks. 

Railroad  Su 

-veying  Practice,  C.  E.  71 S— 4  weeks 

FOURTH  YEAR 


First  Half  Year 

78 

Civil  Eng.  75 

Hydraulics 

4 

78 

Civil  Eng.  85 

Foundations 

2 

79 

Civil  Eng.  87 

Bridges,  Roofs  and  Buildings 

2 

3 

79 

Civil  Eng.  89 

Railroad  Engineering 

3 

3 

80 

Civil  Eng.  97 

Water  Supply  and  Irrigation  Eng. 

2 

77 

Civil  Eng.  55 

Physical   and   Biological   Water 
Analysis 

6 

77 

Civil  Eng.  57a 

Statistics  and    Interpretation    of] 
Water  Analyses                               1 

2 

77 

Civil  Eng.  57b 

Drainage  of  Marshes  and                  f 
Lowlands 

90 

Mech.  Eng.  17 

Technical  Thermodynamics 

2 

95 

Mech.  Eng.  63 

Hydraulics  Laboratory 

Total.. 

3 

17 

15 

Second  Half  Year 

79 

Civil  Eng.  90 

Railroad  Engineering 

3 

3 

79 

Civil  Eng.  94 

Sewers,  and  River  and  Harbor  Imp. 

2 

79 

Civil  Eng.  96 

Principles  of  Sanitary  Science,  Pub- 
lic Health  and  Hygiene 

3 

Law  2 

Business  Law 

2 

0 

80 

Civil  Eng.  100 

Thesis 

6 

83 

Elect.  Eng.  76 

Alternating  Current  Laboratory 

1 

3 

97 

Mech.  Eng.  76 

Mechanical  Laboratory 

1 

3 

97 

Mech.  Eng.  82 

Heating  and  Ventilation 

Total.. 

3 

15 

15 
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ELECTRICAL    ENGINEERING 
General    Statement 


The  prescribed  course  leading  to  the  degree  of  Electrical  Engineer 
requires  four  years  for  its  completion,  and  is  designed  for  the  education 
of  those  who  intend  to  practice  the  profession  of  Electrical  Engineering, 
either  as  engineers,  managers,  experts  in  industrial  enterprises  or  as 
teachers  in  colleges  or  technical  schools. 

The  instruction  comprises  the  important  branches  of  theoretical  and 
applied  electricity,  also  the  fundamental  and  collateral  subjects,  which 
have  been  found  by  experience  to  be  required  by  the  electrical  engineer, 
as,  for  example,  mathematics,  physics,  chemistry,  drawing,  mechanical 
engineering,  including  boilers,  gas  producers,  engines,  turbines,  hydrau- 
lic developments,  transmission  devices  and  shop  work,  also  such  gen- 
eral engineering  subjects  as  construction  in  wood,  masonry,  iron 
and  steel. 

The  graduate  in  Electrical  Engineering  is  accordingly  provided  not 
only  with  a  thorough  knowledge  of  the  principles  and  applications  of 
electricity,  but  also  with  such  a  broad  and  liberal  education  in  the 
allied  sciences  as  will  prepare  him  for  the  demands  likely  to  be  made 
upon  him  in  connection  with  the  practice  of  his  profession. 

The  instruction  is  by  lectures  and  recitations  as  well  as  by  laboratory, 
work-shop  and  drawing-room  practice,  with  periodic  visits  to  the 
numerous  and  important  electrical  factories,  power  stations  and  other 
establishments  in  and  about  New  York  City. 


Equipment 

The  offices,  laboratories,  museums  and  lecture  rooms  of  the  Electrical 
Engineering  Department  are  in  the  southern  portion  of  the  Engineering 
Building.  The  laboratories  located  in  the  basement  contain  direct  and 
alternating  current  machinery  and  apparatus.  The  smaller  machines 
are  mounted  upon  heavy  tables,  thus  raising  them  to  a  convenient 
height  and  affording  space  for  instruments  and  note-books.    To  further 
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simplify  the  work,  the  machines  have  been  assembled  into  unit  sets,  a 
motor  being  provided  for  each  generator,  so  that  the  experimental 
work  of  one  squad  of  students  is  entirely  independent  of  that  of  other 
squads. 

The  direct  current  laboratory  contains  constant  potential  and  con- 
stant current  generators,  motor-dynamos,  as  well  as  various  types  of 
stationary  and  railway  motors,  aggregating  forty  machines  ranging  in 
capacity  from  1  to  35  kilowatts  and  of  standard  voltages  from  115  to 
550.  Two  10  and  two  5  k.w.  generator  sets  with  complete  switchboards, 
carrying  many  measuring  instruments  enable  various  experiments  to  be 
performed  by  the  students  on  the  parallel  operation  of  generators. 
The  constant  current  equipment  includes  a  dynamo,  standard  switch- 
board and  series  lamp  circuits.  A  working  standardization  equipment 
for  the  calibration  of  all  measuring  instruments  is  installed  in  this 
laboratory,  and  prior  to  any  tests  the  students  are  required  to  check  their 
various  instruments.  About  seventy  electrical  measuring  instruments 
are  employed  in  this  laboratory,  comprising  ammeters  and  voltmeters 
with  various  scale  ranges,  also  speed  indicators,  transmission  and 
absorption  dynamometers.  This  laboratory  is  provided  with  a  set  of 
machine  and  hand  tools  employed  in  the  repair  of  the  various  pieces 
of  apparatus. 

The  alternating  current  apparatus,  located  in  the  adjoining  room, 
comprises  one  single-phase  alternator  of  10  k.w.  capacity  and  two 
three-phase  alternators  of  10  and  45  k.w.  capacity,  respectively;  two 
10  kilowatt  synchronous  motors  and  rotary  converts  operative  on  single- 
phase  or  two-phase  circuits ;  two  single-phase  and  four  polyphase  induc- 
tion motors  varying  in  capacity  from  1  to  10  horse-power ;  constant  poten- 
tial transformers  of  various  capacities ;  phase  transformers  for  converting 
two-phase  to  three-phase  currents  and  vice  versa;  a  constant  current 
transformer  equipment  of  5  kilowatts  capacity  with  its  control  board, 
circuits  and  lamps ;  an  induction  regulator  of  5  kilowatts  and  a  mercury 
arc  rectifier  of  the  same  capacity.  Each  of  the  various  alternators  is 
provided  with  its  own  driving  motor,  so  that  the  speed,  voltage  and  fre- 
quency may  be  altered  as  desired.  This  laboratory  equipment  includes  a 
complete  switchboard  for  the  operation,  control,  and  testing  of  the 
rotary  converters  used  as  such  or  as  alternators  ;  also  a  special  polyphase 
circuit  measuring  board  and  about  forty  instruments  for  the  measure- 
ment of  alternating  voltage,  current  and  power.  The  alternating 
current  ammeters  and  voltmeters  are  of  various  capacities,  ranging 
from  fractional  values  up  to  2,000  amperes  and  600  volts  respect- 
ively, also  wattmeters  up  to  1,200  kilowatts  range.  The  instru- 
ment equipment  further  includes  several  frequency  indicators,  syn- 
chronizers and  power  factor  meters  as  well  as  a  complete  oscillo- 
graph  and  an  ondograph  for  the  determination  of  wave  forms,  phase 
relations,  etc. 
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The  lecture  rooms  are  provided  with  direct-current,  single-phase  and 
polyphase  electrical  circuits  and  projection  lanterns  so  that  the  lectures 
may  be  accompanied  by  experimental  demonstrations  and  illustrations. 
The  museum  contains  many  pieces  of  apparatus  and  parts  of  machines 
used  in  connection  with  the  lectures,  such  as  specimens  of  pole  line 
insulators,  conduit  material,  rail  sections,  rail  bonds,  insulated  cables 
and  materials  employed  in  transmission  line  and  electric  railway  con- 
struction. Also  various  pieces  of  apparatus  employed  in  telegraphy 
and  telephony;  forms  of  storage  battery  plates,  samples  of  products 
obtained  by  electro-chemical  actions,  elementary  electrical  apparatus, 
etc.;  pieces  of  electrical  machinery,  such  as  armature  laminations,  field 
and  armature  coils,  commutator  sections,  brush  holders,  brushes,  in- 
sulating materials;  small  models  of  various  types  of  generators  and 
motors;  numerous  forms  of  incandescent  and  arc  lamps,  lamp  mech- 
anisms, carbons  and  electrodes;  lightning  arresters,  line  protecting 
devices  and  measuring  instruments. 

On  the  third  floor  of  the  building  are  located  the  large  instrument 
laboratory,  the  departmental  drawing-room  and  the  studies  of  the 
officers.  The  laboratory  contains  tables  upon  which  the  various  instru- 
ments are  permanently  set  up,  ready  for  use.  These  include  many 
different  forms  of  galvanometers,  three  ampere  balances  with  scale 
ranges  from  .01  to  600  amperes,  two  dynamometers  with  ranges  of 
1  to  200  amperes  respectively,  a  Standard  Weston  laboratory  volt- 
meter having  a  range  from  .01  to  750  volts  and  a  Standard  Weston 
laboratory  millivoltmeter  with  a  set  of  shunts  reading  up  to  500 
amperes,  Westinghouse  precision  watt  and  voltmeters  and  two  very 
accurate  potentiometers.  The  equipment  further  comprises  apparatus 
for  the  exact  measurement  of  resistance,  inductance,  permeability, 
hysteresis,  and  magnetic  leakage.  This  laboratory  is  supplied  with 
electrical  energy  from  special  sources,  so  that  fluctuations  do  not  cause 
uncertainty  in  the  various  measurements.  For  the  direct  current  work 
special  storage  batteries  supply  potentials  up  to  250  volts  and  others  have 
current  capacity  of  1,000  ampere-hours.  For  tests  requiring  small  values 
of  alternating  currents  a  special  alternator  is  operated.  This  laboratory 
also  contains  high  tension  testing  apparatus,  consisting  of  two  50,000 
volt  transformers  of  5  and  10  kilowatts  capacity  respectively,  two 
10,000  volt  transformers  of  5  and  10  kilowatts  respectively,  and  one 
5,000  volt  transformer  of  5  kilowatt  output.  These  transformers 
are  supplied  with  necessary  protective  and  measuring  devices  and 
all  are  designed  for  operation  on  60  cycle  circuits.  This  instru- 
ment laboratory  is  also  equipped  with  several  forms  of  standard  inte- 
grating and  recording  watt-hour  meters  employed  in  connection  with 
the  standardization  of  consumers'  electric  meters  for  the  Depart- 
ment of  Water  Supply,  Gas,  and  Electricity  of  the  City  of  New 
York. 
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The  photometric  testing  laboratory  of  this  Department  is  situated 
in  the  basement  of  Havemeyer  Hall  and  is  equipped  with  a  Lummer- 
Brodhun  screen  photometer  for  incandescent  lamp  testing,  a  Bunsen 
screen  photometer  with  a  meter  prover  for  gas  light  testing  and  a  Weber 
photometer,  which  is  adaptable  for  arc  lamp  testing  or  for  the  deter- 
mination of  general  illumination. 
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COURSE  LEADING  TO  THE  DEGREE   OF  ELECTRICAL 

ENGINEER 

The  objects  for  which  the  regular  four  years'  course  in  Electrical 
Engineering  is  designed  and  the  education  which  it  is  intended  to  give 
are  fully  set  forth  in  the  "General  Statement"  of  the  Electrical  Engi- 
neering Department. 

The  actual  curriculum,  including  the  various  requirements  which  must 
be  fulfilled  in  order  to  obtain  the  E.  E.  degree,  are  given  in  the  fol- 
lowing list  of  studies  for  each  year,  the  character  of  each  subject  or 
requirement  being  explained  more  fully  in  the  Departmental  Statement 
referred  to.  The  first  two  years  of  the  course  are  devoted  to  the  funda- 
mental subjects,  including  mathematics,  physics,  chemistry,  mechanics, 
drawing  and  certain  electrical  and  mechanical  engineering  subjects  which 
are  elementary  or  introductory  in  character. 

These  fundamental  and  introductory  subjects  are  intended  to  lay  a 
broad  and  substantial  foundation  upon  which  the  more  specialized  pro- 
fessional instruction  of  the  third  and  fourth  years  is  based.  Even  in 
these  later  years  theoretical  subjects,  such  as  thermodynamics  and 
electro-mechanics,  are  included  and  given  most  careful  attention. 
FIRST  YEAR 
See  page  24 

SECOND  YEAR 


First  Half  Year                                   Hours  per  week 

Se«  Page 

Class 

Lab'y 

71 
108 

80 

89 
107 
108 
109 
in 

81 

Chemistry  65 
Physics  5 
Mathematics  65 
Mech.  Eng.  13 
Phys.  Educ.  B 
Physics  43 
Physics  105 
Shop  Work  13 
Drafting  5 

Quantitative  Analysis 
Electricity  and  Magnetism 
Differential  and  Integral  Calculus 
Steam  Power  Machinery 
Gymnasium 
Physical  Laboratory 
Physical  Measurements 
Machine  Work 
Graphics 

Total . . 

a 
5 
5 
3 

2 

6 

2 
3 

3 
3 

17 

17 

Second  Half  Year 

69 
73 
81 
81 
82 
89 
108 
108 
99 
107 
in 

Chemistry  38 
Chemistry  82 
Drafting  6 
Drafting  8 
Elect.  Eng.  2 
Mech.  Eng.  14 
Physics  44 
Mechanics  102 
Metallurgy  134 
Phys.  Educ.  B 
Shop  Work  14 

Physical  Chemistry 

Industrial  Chemistry 

Graphics 

Structural  and  Machine  Drawing 

Elements  of  Dynamo  Electric  Mach'y 

Steam  Power  Machinery 

Physical  Laboratory 

Analytical  Mechanics 

Metallurgy  of  Iron  and  Steel 

Gymnasium 

Machine  Work 

Total.. 

2 
3 

1 

% 
3 

5 

2 

3 
6 

3 

3 
3 

18 

17 

Summer  memoir. 

ELECTRICAL  ENGINEERING 
THIRD  YEAR 


55 


First  Half  Year                                     Hours  per  week 

See  Page 

Class 

Lab'y 

76 
78 
83 
85 
90 
93 
109 
109 

Civil  Eng.  53 
Civil  Eng.  53 
Civil  Eng.  77 
Elect.  Eng.  101 
Elect.  Eng.  173 
Mech.  Eng.  17 
Mech.  Eng.  41 
Mechanics  105 
Mechanics  107 

Resistance  of  Materials 
Resistance  of  Materials  (Testing  Lab.) 
Hydraulics 

Generator  and  Motor  Practice 
Direct  Current  Laboratory- 
Technical  Thermodynamics 
Machine  Design 
Thermodynamics 
Theory  of  Generators  and  Motor 

Total.. 

5 

a 
3 

2 

2 
2 

3 

3 

6 
3 

17 

15 

Second  Half  Year 

81 
82 
84 
85 
90 
92 
97 
109 

Economics  2 
Elect.  Eng.  52 
Elect.  Eng.  104 
Elect.  Eng.  174 
Mech.  Eng.  18 
Mech.  Eng.  36 
Mech.  Eng.  76 
Mechanics  108 

Economics 

Design  of  Direct  Current  Machinery 
Electrical  Distribution 
Direct  Current  Laboratory 
Technical  Thermodynamics 
Kinematics  of  Machinery 
Experimental  Mech.  Eng. 
Theory  of  Dynamo  and  Motor 

Total.. 

3 

2 
3 

2 
3 

3 

3 

6 
3 

M 

15 

Summer  memoir. 

FOURTH  YEAR 


First  Half  Year 

74 

Chemistry  183 

Electrochemistry 

2 

3 

83 

Elect.  Eng.  103 

Electric  Motors 

3 

84 

Elect.  Eng.  105 

Alternating  Current  Engineering 

3 

84 

Elect.  Eng.  109 

Telegraphy 

1 

85 

Elect.  Eng.  175 

Alternating  Current  Lab. 

1 

6 

85 

Elect.  Eng.  177 

Instrument  Laboratory 

1 

6 

Mech.  Eng.  53 

Steam  Turbines 

2 

97 

Mech.  Eng.  77 

Experimental  Mechanical  Laboratory 

1 

3 

109 

Mechanics  109 

Theory  of  Alternators  &  Transformers 
Total . . 

4 

18 

18 

Second  Half  Year 

Elect.  Eng. 

Preparation  of  Reports 

Design  of  Alt.  Current  Machinery 

3 

82 

Elect.  Eng.  54 

2 

3 

83 

Elect.  Eng.  98 

Graduation  Thesis  (Optional) 

84 

Elect.  Eng.  106 

Electric  Plants 

2 

84 

Elect.  Eng.  no 

Telephone 

I 

84 

Elect.  Eng.  112 

Electric  Railways 

2 

85 

Elect.  Eng.  176 

Alternating  Current  Laboratory 

I 

8 

94 

Mech.  Eng.  56 

Water  Power  Installations 

X 

95 

Mech.  Eng.  60 

Hydraulic  Laboratory 

3 

96 

Mech.  Eng.  72 

Gas  Power  Machinery 
Theory  of  Variable  Currents 

Total.. 

2 

3 

109 

Mechanics  no 

3 

M 

20 

56  MINES,  ENGINEERING  AND  CHEMISTRY 

MECHANICAL    ENGINEERING 

General    Statement 

The  regular  four-year  course,  leading  to  the  degree  of  Mechanical 
Engineer,  offers  a  thorough  basic  training  in  the  design,  construction, 
manufacture  and  operation  of  all  classes  of  standard  and  special  ma- 
chinery, and  their  economic  application  to  railroads,  ships,  mills,  shops, 
factories  and  power  plants,  as  well  as  in  the  technical  and  executive 
management  of  the  manufacturing  and  transportation  industries.  To 
this  end  the  course  of  instruction  is  as  broad  as  is  consistent  with 
the  directness  of  its  purpose.  -  The  Mechanical  Engineer  must  not  only 
be  grounded  in  the  fundamental  scientific  basis  of  his  profession,  and 
so  trained  as  to  be  capable  of  applying  this  to  both  the  technical  and 
commercial  aspects  of  industrial  problems,  but  his  immediate  useful- 
ness upon  graduation  demands  that  a  considerable  portion  of  the  in- 
struction be  concerned  with  the  practical  application  of  the  principles 
taught. 

The  course  begins  with  a  thorough  training  in  mathematics,  physics 
and  chemistry  as  a  foundation  for  the  appropriate  technical  work, 
which  is  developed  along  several  parallel  lines.  Applications  of  these 
fundamental  sciences  to  the  physical  properties  of  the  materials  of  con- 
struction, especially  the  metals  and  their  practical  manipulation,  lead 
through  the  courses  in  metallurgy,  mechanics,  resistance  of  materials, 
shop  processes,  the  materials  testing  laboratory,  drafting  and  kinematics 
to  the  principles  of  design,  which  are  fixed  by  application  to  the  design 
of  machinery  for  the  execution  of  any  sort  of  process  in  which  ma- 
chinery is  either  absolutely  essential  or  more  economical  than  cor- 
responding hand  execution  of  the  same  process.  The  principles  under- 
lying the  performance  of  machinery  are  developed  by  courses  in  ther- 
modynamics, mechanics  and  hydraulics  with  experimental  laboratory 
demonstration  and  are  fixed  by  analysis  of  machinery  for  steam,  gas 
and  water  power,  pumping,  compressing,  refrigerating,  mechanical 
handling  of  materials  and  their  most  important  applications.  The  in- 
struction in  the  performance,  design  and  manufacture  of  machines  and 
power  units  in  the  class-room  and  laboratory,  supplemented  by  visits  to 
power  plants  and  factories,  is  the  basis  of  the  work  on  the  design  of 
plants  and  mills. 

Throughout  the  instruction  the  student  is  thrown  as  much  as  pos- 
sible on  his  own  resources,  encouraged  to  use  such  knowledge  as  he 
possesses,  to  read  standard  authorities  and  to  make  comparisons  be- 
tween the  existing  data  on  various  subjects  and  with  the  results  of 
theoretical  computations.  In  the  experimental  work  special  stress  is 
laid  upon  this  as  a  means  for  the  development  of  that  initiative,  execu- 
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tive  ability  and  spirit  of  investigation  so  necessary  for  the  successful 
practice  of  the  profession,  which  is  one  long  series  of  new  problems 
demanding  solution.  The  commercial  and  industrial  phases  of  the 
technical  subjects  are  dwelt  upon  throughout  the  entire  course  of  in- 
struction, and  particular  attention  is  given  to  labor  and  cost  systems, 
works  management,  economy  of  manufacture  and  of  power  genera- 
tion, economics  and  industrial  law. 

To  insure  a  close  contact  between  the  work  of  the  department  and 
the  practice  of  the  profession,  recognized  experts  are  invited  to 
give  lectures  on  their  particular  subjects,  the  regular  officers  of  the 
department  attending  and  subsequently  holding  recitations  and  exam- 
inations. 

For  a  list  of  special  lecturers  and  their  subjects  see  page  8. 

In  addition  to  these  regular  lecturers,  a  list  of  non-resident  lecturers, 
who  deliver  one  or  more  lectures  to  the  students  on  the  work  in  their 
respective  engineering  fields  will  be  found  on  pages  8,  g  and  io. 

The  overlapping  of  the  Mechanical  Engineering  and  Electrical  Engi- 
neering professions  makes  it  desirable  that  the  Mechanical  Engineer 
shall  be  thoroughly  conversant  with  the  ordinary  problems  of  the  Elec- 
trical Engineer  in  the  generation  and  distribution  of  electric  current, 
the  characteristics  of  electrical  machinery,  and  the  design  and  instal- 
lation of  electrical  plants.  To  this  end  students  in  this  course  receive 
instruction  in  the  department  of  Electrical  Engineering  covering  these 
subjects. 

Graduate  work  in  Mechanical  Engineering  is  offered  to  students  who 
have  successfully  completed  the  undergraduate  course.  This  graduate 
work  includes  the  more  difficult  applications  of  mechanics  and  thermo- 
dynamics to  questions  of  engineering,  as  well  as  special  investigations 
in  design,  experimental  research,  and  the  development  of  new  processes 
of  manufacture.  Courses  are  also  offered  to  students  in  other  depart- 
ments covering  such  instruction  in  Mechanical  Engineering  as  may 
properly  assist  in  the  practice  of  their  respective  professions. 


Equipment 

Besides  the  usual  offices,  lecture  rooms,  drawing  rooms  and  museum, 
the  department  is  unusually  well  equipped  with  experimental  laboratory 
facilities.  These  laboratories  cover  a  floor  space  of  some  18,500  sq.  ft. 
and  contain  apparatus  valued  roughly  at  $75,000.  A  fairly  full  line 
of  instruments  for  making  simple  measurements  is  always  available  for 
regular  student  work,  and  includes  thermometers,  pyrometers,  barom- 
eters, simple  and  differential  manometers,  draft  gauges,  speed  counters, 
tachometers,  angular  velocity  meters,  planimeters,  Pitot  tubes,  water 
meters  of  piston,  rotary  and  Venturi  type,  hook  gauges,  steam  and  gas 
meters,  steam,  gas,  coal  and  oil  calorimeters,  flue  gas  analysis  apparatus, 
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scales  for  weighing  and  measuring,  transmission  dynamometers,  Prony 
brakes,   indicators  of  all  types,  pressure  and   vacuum  gauges,  anemo- 
meters, mercury  columns,  and  calibrating  apparatus  for  all  instruments. 
Besides  these  measuring  devices  there  is  a  large  number  of  pieces  of 
special  apparatus  for  various  purposes,  such  as  the  testing  of  carburetors, 
pressures  due  to  explosion  of  gas  mixtures,  rate  of  flame  propagation  in 
explosive  mixtures,  pressure  and  temperatures  of  vaporization  of  liquid 
fuels,   loss   of   head    in    steam,    air    and    water   pipes,    condensation    of 
steam  in  pipes,  flow  of   steam  or   water  through  orifices  and  turbine 
nozzles,    capacity    of    steam    traps,    flash,    chill,    density,    viscosity   and 
carbonization    of    oils,    friction    of    bearings,    losses    in    power    trans- 
mission.     These    various    instruments    and    pieces    of    apparatus    are 
grouped    and    used    in    connection    with    a    considerable    number    of 
machines  of  standard  form.     They  include  a  standard  gauge  Vauclain 
compound  locomotive,  mounted  on  friction  wheels  equipped  with  dynam- 
ometers.    This  locomotive  is   so  erected  that  it  can  be  operated  with 
its  own  steam,  line  steam  or  compressed  air,  the  exhaust  passing  through 
an  induced  draft  fan   separately  driven  by  a  small  steam  engine.     A 
Reynolds  Allis-Corliss  triple  expansion  engine,  double  eccentric  type,  is 
equipped  to  operate  condensing  and  non-condensing,  and  is  fitted  with 
reheating  receivers  and  may  be  operated  with  line  steam  or  high  pres- 
sure steam  from  the  locomotive  boiler.     The  Corliss  engine  has  a  tan- 
dem connected  to   three  air  cylinders,   equipped   with   Gutermuth   flap 
valves,  operating  three-stage  with  water  intercoolers.   A  cross  compound 
steam,  two-stage  air  compressor  of  the  Ingersoll-Sargent  type  operates 
in  parallel  with  the  other  air  compressor  and  with  a  Westinghouse  sim- 
ple air  pump  with  complete  air  brake  equipment.     There  is  also  a  belt 
and  a  steam  driven  fan  for  fan  investigations,  together  with  belt  and 
steam    driven    centrifugal    pumps    for    corresponding    investigation    on 
centrifugal    action    of    water.     Besides    the    steam    engines    mentioned 
there  are  also  a  Westinghouse  two-cylinder,   single-acting;   Mcintosh 
and    Seymour   automatic;    Sweet    straight-line    simple   engine,    besides 
some   smaller  reciprocating  units,  and  a  De  Laval   steam  turbine,  all 
piped  to  condensers   for   efficiency   tests   on   wet,   dry   or   superheated 
by  a  Foster  superheater  separately  fired.    The  steam  used  by  the  engines 
and    pumps    is    measured   by    any   one    of    three    surface    condensers, 
Wheeler,   Worthington,  Allis,   each   with   its   own  air  and   circulating 
pumps.       The     steam     equipment     includes     also     typical     injectors, 
steam     traps,     feed     water     heaters,      separators,     reducing     valves, 
safety     valves,     back     pressure     valves     and     other     ordinary     steam 
auxiliaries  and  specialties.     The  hydraulic  work  is  well  provided  for 
by  two  large  20,000-lb.  measuring  tanks,  fitted  with  swinging  guide- 
bucket  for  continuous  flow  measurements,  receiving  the  discharge  from 
all  the  hydraulic  apparatus;  water  channels  of  rectangular,  trapezoidal 
and  triangular  cross  section,  rectangular  and  trapezoidal  weirs,  fitted  to 
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several  weir  tanks,  of  iron  and  wood,  three  impulse  water  wheels, 
one  small  turbine,  hydraulic  rams,  simple,  single  and  duplex  steam 
pumps,  direct  acting  and  flywheel,  compound  Blake  pump,  single  act- 
ing, direct  acting  triple  expansion  duplex,  low  pressure  Worthington 
pump  of  large  capacity  and  low  head,  separately  steam  driven  centri- 
fugal Lawrence  pump,  belt  driven  centrifugal  pump,  a  high  pressure 
pump  and  accumulator  of  the  Worthington  type  for  1500  lbs.,  and  a 
second  for  5000  lbs.  pressure.  Two  hot  air  engines,  and  several  in- 
ternal combustion  engines,  including  the  Nash,  fitted  to  operate  on 
various  fuels,  a  Hornsby-Akroyd  and  a  Mietz  and  Weiss  oil  engine,  an 
old  and  a  new  style  Otto,  an  International  Harvester,  a  Daimler  boat 
engine  are  equipped  for  gas  engine  test  and  investigation  work  of  great 
variety.  From  time  to  time  other  machines  are  secured  for  short 
periods  of  time  for  testing  purposes.  For  the  study  of  refrigeration 
there  is  installed  a  small  Brunswick  ammonia  compression  ice-making 
and  refrigerating  unit,  motor  driven,  and  a  larger  De  La  Vergne  steam- 
driven,  ice-making  plant. 


6o 
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COURSE    LEADING   TO    THE    DEGREE    OF 
MECHANICAL    ENGINEER 

t  All  the  subjects  leading  to  the  degree  of  Mechanical  Engineer  are 
listed  in  the  following  table,  together  with  the  year  and  term  in  which 
they  are  given.  The  first  two  years  are  devoted  to  essential  preparatory 
and  fundamental  subjects,  mathematics,  chemistry,  physics,  analytical 
mechanics  and  drawing  which  are  co-ordinated  with  kinematics,  ele- 
mentary design,  shop  work  and  the  elements  of  electrical  and  steam 
engineering.  In  the  third  year  there  are  developed  the  basic  principles 
of  thermodynamics,  resistance  of  materials  and  hydraulics,  which  are 
fixed  in  the  mind  of  the  student  by  drill  in  the  drafting  room  by  de- 
sign courses,  in  the  laboratory  by  experiments  and  tests  and  in  class 
by  analysis  of  standard  mechanical  and  electrical  machinery.  The 
fourth  year  is  devoted  to  a  detailed  treatment  of  gas  and  steam  engine 
design,  standard  water  turbine  characteristics  and  the  essential  relations 
between  units  constituting  power  plants  and  factories.  Special  atten- 
tion is  here  paid  to  the  economics  of  mechanical  engineering  by  courses 
in  industrial  law,  economics  and  works  management.  Throughout  the 
course  the  aim  is  to  develop  clear  conceptions  of  underlying  principles, 
habits  of  independent  thought  and  orderly  mental  procedure  applicable 
to  any  sort  of  Mechanical  Engineering  problems  rather  than  to  the 
memorization  of  isolated  facts.  The  training  given  not  only  fits  the 
student  to  take  up  the  design  of  machinery  and  the  perfection  of  proc- 
esses of  doing  things  by  mechanical  means,  but  also  to  take  ultimately 
a  leading  place  in  the  management  of  the  manufacturing  and  transporta- 
tion industries. 

FIRST  YEAR 

See  page  33 

SECOND   YEAR 


First  Half  Year                                   Hours  per  week 

See  Page 

Class 

Lab'y 

81 

108 

I9 
89 

94 

107 

108 

TIO 
92 

Drafting  7 
Physics  5 
Mathematics  65 
Mech.  Eng.  n 
Mech.  Eng.  sg 
Phys.  Educ.  B 
Physics  43 
Shopwork  1 
Mech.  Eng.  35 

Structural  Drafting 

Electricity 

Calculus 

Steam  Power  Machinery 

Empiric  Design 

Gymnasium 

Physical  Laboratory 

Pattern  Making 

Kinematics 

Total.. 

5 
5 
3 
2 

3 

3 
2 
3 
6 
3 

15 

20 

Second  Half  Year 

108 

73 
82 
8g 
92 
108 
99 
107 
no 
no 

Physics  44 
Chemistry  82 
Elect.  Eng.  2 
Mech.  Eng.  12 
Mech.  Eng.  36 
Mechanics  102 
Metallurgy  134 
Phys.  Educ.  B 
Shopwork  2 
Shopwork  12 

Physical  Laboratory 

Industrial  Chemistry 

Elements  of  Electrical  Engineering 

Steam  Power  Machinery 

Kinematics 

Analytical  Mechanics 

Iron  and  Steel 

Gymnasium 

Moulding  and  Foundry  Practice 

Forging 

Total.. 

3 

2 
3 

5 

2 

*5 

3 

3 
3 

2 
3 
6 

20 

Summer  Work:    Shop  Work  10s.    125  hours  in  College  shops;  Mech.  Eng.  948. 
6  weeks  practical  work  in  shops  and  drafting  rooms  of  manufacturing  establish- 
ments, with  report.    A  total  of  q  weeks. 

MECHANICAL  ENGINEERING 
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First  Half  Year 

Hours  p 

er  week 

See  Page 

Class 

Lab'y 

76 

Civil  Eng.  53 

Resistance  of  Materials 

5 

3 

82 

Elect.  Eng.  73 

Direct  Current  Laboratory 

3 

83 

Elect.  Eng.  101 

Dynamo  and  Motor  Practice 

a 

90 

Mech.  Eng.  17 

Engineering  Thermodynamics 

a 

9« 

Mech.  Eng.  31 

Standard  Tests 

1 

3 

92 

Mech.  Eng.  39 

Machine  Design 

1 

6 

109 

Mechanics  105 

Thermodynamics 

2 

no 

Shopwork  11 

Machine  Shop 

6 

Total.. 

13 

21 

Second  Half  Year 

76 

Civil  Eng.  54 

Resistance  of  Materials  (Testing  Lab.) 

3 

78 

Civil  Eng.  78 

Hydraulics 

2 

8a 

Elect.  Eng.  4 

Electric  Distribution 

2 

90 

Mech.  Eng.  18 

Engineering  Thermodynamics 

2 

9« 

Mech.  Eng.  33 

Standard  Tests 

1 

92 

Mech.  Eng.  40 

Machine  Design 

2 

6 

94 

Mech.  Eng.  54 

Shop  Processes 

2 

95 

Mech.  Eng.  62, 

Refrigerating  Machinery 

1 

95 

Mech.  Eng.  64, 

Air  Machinery 

2 

96 

Mech.  Eng.  66, 

Elevators  and  Conveyors 

1 

Q6 

Mech.  Eng.  70, 

Pumping  Machinery 

2 

95 

Mech.  Eng.  60 

(Hydraulic  Laboratory                           | 
jMetallographic  Laboratory                  f 

100 

Metallurgy  156 

3 

Total.. 

18 

15 

Summer 

Work:  Mech.  Eng 

r.  96s.  6  weeks  practical  work  in  power  pi 

int,  witl 

1  report 

FOURTH    YEAR 


First  Half  Year 

83 

Elect.  Eng.  75 

Alternating  Current  Laboratory 

3 

83 

Elect.  Eng.  103 

Electric  Power 

2 

84 

Elect.  Eng.  105 

Electrical  Distribution 

2 

90 

Mech.  Eng.  19 

Engine  Design 

3 

6 

91 

Mech.  Eng.  25 

Steam  Power 

3 

6 

91 

Mech.  Eng.  33 

Standard  Tests 

2 

3 

93 

Mech.  Eng.  53 

Steam  Turbines 

2 

Total.. 

15 

18 

Second  Half  Year 

88 

Law  2 

Business  Law 

3 

81 

Economics  2 

Economics 

3 
3 

90 

Mech.  Eng.  20 

Engine  Design 

6 

90 

Mech.  Eng.  22 

Gas  Power  Machinery 

4 

3 

93 

Mech.  Eng.  46 

Water  Power  Machinery 

3 

93 

Mech.  Eng.  52 

Organization  and  Management 

2 

96 

Mech.  Eng.  68 

Shops  and  Factories 

Total.. 

a 

3 

20 

12 
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CHEMISTRY 

General    Statement 

The  regular  four-year  courses  of  instruction  herein  shown  are  de- 
signed for  the  education  of  professional  chemists  who  intend  to  devote 
their  lives  to  the  practice  of  this  profession,  either  as  teachers  in  col- 
leges and  scientific  schools,  or  as  chemists  or  managers  in  manufactur- 
ing and  other  industrial  enterprises. 

There  are  two  courses  offered,  leading  to  the  degrees  of  Chemist 
and  Chemical  Engineer  respectively. 

Equipment 

In  Havcmeyer  Hall  the  Chemical  Department  is  provided  with 
space  for  its  museum,  lecture-rooms,  and  laboratories,  and  every  con- 
venience has  been  provided  for  both  the  instructors  and  students  work- 
ing in  the  general  or  special  courses. 

There  are  five  chemical  lecture-rooms,  all  fully  supplied  with  ap- 
paratus and  instruments,  the  desks  being  equipped  with  pneumatic 
troughs,  gas,  pressure,  exhaust,  and  electricity.  The  large  chemical 
lecture-room  on  the  ground  floor  contains  315  seats. 

The  Chandler  Museum  of  General  Inorganic  and  Organic  Chemistry 
and  of  the  Chemical  Arts,  a  large  room  occupying  the  whole  left  wing 
of  the  ground  floor,  contains  the  elements  and  all  their  more  important 
compounds,  inorganic  and  organic;  materials  and  products  illustrating 
the  chemical  arts,  and  numerous  models,  pictures,  and  diagrams. 

The  Qualitative  Laboratory  has  112  desks,  each  divided  into  two 
sections,  and  each  thoroughly  equipped. 

The  Quantitative  Laboratory  has  eighty-eight  desks.  Attached  to 
the  main  laboratory  is  a  large,  well-equipped  balance-room,  containing 
accurate  balances,  and  special  rooms,  provided  with  apparatus  for  gas, 
water,  food,  and  electrolytic  analysis. 

The  Assay  Laboratory  is  provided  with  crucible  and  muffle  furnaces, 
coal,  gas,  and  gasoline,  for  the  fire  assay  of  ores;  also  with  crushing, 
pulverizing,  and  sampling  machinery,  balance-room,  storeroom,  and 
thirty-six  well-equipped  working  desks.  It  also  contains  all  the  ap- 
paratus necessary  for  the  wet  assay  of  silver  bullion  and  for  lab- 
oratory tests  of  ores. 

The  Organic  Laboratory  has  forty  large  desks,  provided  with  gas, 
water,  exhaust,  and  electricity,  and  has  special  rooms  for  balances, 
pressure   ovens,   glass-blowing,   and  combustions. 

The  Laboratory  of  Industrial  Chemistry,  for  the  instruction  of  stu- 
dents in  practical  operations  and  the  solution  of  problems  in  connec- 
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tion  with  the  chemical  industries,  is  equipped  for  the  manufacture  of 
pure  chemicals  from  their  raw  materials  on  a  large  scale,  with  bat- 
teries of  steam  evaporators,  and  with  steam  stills,  centrifugals,  filter 
presses,  crushers,  and  the  like.  It  includes  a  dyeing  laboratory  with 
a  large  stock  of  dye-stuffs,  and  with  the  regular  equipment  for  the 
practical  testing  of  dyes,  including  a  calico-printing  machine.  Con- 
nected with  it  is  a  photometer-room,  containing  a  new  and  complete 
outfit  for  the  practical  testing  of  illuminants. 

It  also  includes  a  laboratory  for  chemical  microscopy,  newly  equipped 
with  microscopes,  polarized  light  apparatus,  camera  lucidas,  etc.,  for 
the  practical  use  of  the  microscope  in  chemical  operations. 

A  new  Laboratory  for  Applied  Electrochemistry  has  been  provided. 
The  equipment  consists  of  special  motor-dynamos,  one  of  which  fur- 
nishes direct  current  at  low  voltages  to  the  students'  desks  for  general 
electrolytic  work;  the  other  provides  heavy  alternating  current  to  the 
electric  furnace  room;  this  room  is  furnished  with  all  appliances  for 
electric  furnace  work.  The  students'  desks  are  fitted  with  special 
switchboards  and  measuring  instruments,  and  the  laboratory  has  been 
arranged  for  carrying  on  research  work  in  all  branches  of  electro- 
chemistry. 

The  Laboratory  of  Physical  Chemistry  is  well  equipped  with  the 
most  recent  apparatus  adapted  to  a  wide  range  of  experimental  work 
in  the  branches  of  heat,  light,  and  electricity  as  applied  to  chemical 
problems. 

The  Chemical  Library  in  Havemeyer  Hall  is  supplied  with  an  ex- 
tensive collection  of  chemical  books  and  journals,  and  is  open  from 
9.00  a.m.  to  5.00  p.m.,  and  during  the  session  of  the  University  from 
8.00  to   11.00  P.M. 
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COURSE    LEADING    TO    THE    DEGREE    OF 
CHEMICAL   ENGINEER 

The  course  in  chemical  engineering,  as  will  be  seen,  is  designed 
to  educate  chemists  with  a  sufficient  amount  of  engineering  to  fit  them 
to  take  charge  of  chemical  works  which  depend  upon  the  application 
of  engineering  methods  and  appliances  to  the  production  of  chemical 
products.  This  requires  a  knowledge  of  mechanical  engineering,  elec- 
trical engineering,  hydraulics,  mechanical  drawing,  shopwork,  etc.,  as 
well  as  a  thorough  knowledge  of  chemistry  in  all  its  branches. 


FIRST   YEAR 
See  page  33 


SECOND  YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

70 
71 
108 
89 
103 
108 
107 

Chemistry  41 
Chemistry  163 
Physics  5 
Mathematics  65 
Mineralogy  15 
Physics  43 
Phys.  Educ.  B 

Organic  Chemistry 

Quantitative  Analysis 

Electricity 

Differential  Integral  Calculus 

Physical  Laboratory 

Determinative  Mineralogy 

Gymnasium 

Total.. 

2 

4 

5 
5 

12 

3 

3 

2 

16 

20 

Second  Half  Year 

70 
73 

71 

83 
108 
103 

108 
X07 

Chemistry  42 
Chemistry  82 
Chemistry  164 
Elect.  Eng.  2 
Mechanics  102 
Mineralogy  16 
Physics  44 
Phys.  Educ.  B 

Organic  Chemistry 
Industrial  Chemistry 
Quantitative  Analysis 
Elements  of  the  Dynamo 
Analytical  Mechanics 
Determinative  Mineralogy 
Physical  Laboratory 
Gymnasium 

2 
3 
4 

2 

5 

12 

3 
3 
2 

Total.. 

16 

20 

SUMMEB 

Work  :  Chemisti 

y  80a,  Chemistry  s6g.    Shopwork  18s  (8), 

5  weeks 

in  June 

CHEMISTRY 
THIRD  YEAR 
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First  Half  Year                                       Hours  per  week 

See  Page 

|    Class 

Lab'y 

76 
73 
73 
8o 
94 
99 
100 

Civil  Eng.  53 
Chemistry  83 
Chemistry  171 
Mech.  Eng.  13 
Mech.  Eng.  59 
Metallurgy  131 
Metallurgy  141 

Resistance  of  Materials 

Industrial  Chemistry 

Organic  and  Sanitary  Analysis 

Steam  Power  Machinery 

Empiric  Design 

Iron  and  Steel  (half  term) 

Electro-metallurgy  (half  term) 

5 
\ 

3 
3 

I 
I 

3 

9 
3 

Total.. 

19 

15 

Second  Half  Year 

76 

73 

70 
82 
82 
89 
96 
88 

Civil  Eng.  54 
Chemistry  84 
Chemistry  150 
Elect.  Eng.  73 
Elect.  Eng.  4 
Mech.  Eng.  14 
Mech.  Eng.  70 
Law  2 

Resistance  of  Materials  (Testing  Lab.) 

Food  Chemistry 

Organic  Chemistry 

Direct  Current  Laboratory 

Electric  Distribution 

Steam  Power  Machinery 

Pumps  and  Pumping  Machinery 

Business  Law 

Total . . 

3 
2 

2 
3 
2 

2 

3 

9 
3 

14 

15 

Summer  Work:    Chemistry  80b.     Chemical  Factory  work  with 
Memoir— 6  weeks. 

FOURTH  YEAR 


First  Half  Year 

78 

Civil  Eng.  77 

1 
Hydraulics 

2 

73 

Chemistry  89 

Industrial  Laboratory 

6 

74 

Chemistry  197 

Chemical  Factory  Machinery 

3 

C9 

Chemistrv  121 

Physical  Chemistrv 

3 

2 

QO 

Mech.  Eng.  17 

Technical  Thermodynamics 

2 

92 

Mech.  Eng.  37 

Machine  Design 

1 

6 

97 

Mech.  Eng.  77 

Experimental  Engineering  Laboratory 

1 

3 

98 

Metallurgyioi,m 

Introduction  and  Metallurgy  of  Copper 
Total.. 

3 

. 

15 

17 

Second  Half  Year 

74 

Chemistry  198 

Chemical  Factory  Organization 

3 

69 

Chemistry  122 

Physical  Chemistry 

3 

74 

Chemistry  184 

Practical  Electro-Chemistry 

2 

3 

Chemistry 

Thesis 

9 

90 

Mech.  Eng.  18 

Technical  Thermodynamics 

2 

93 

Mech.  Eng.  52 

Works  Management 

2 

97 

Mech.  Eng.  76 

Experimental  Engineering  Laboratory 

z 

3 

98 

Metallurgy  172 

Laboratory 

a 

59 

Metallurgy  122 

Metallurgy  of  Gold,  Silver,  Lead,  Zinc 
Total.. 

3 

16 

17 
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COURSE  LEADING  TO  THE  DEGREE  OF  CHEMIST 

The  course  in  chemistry  includes  not  only  all  branches  of  theoretical, 
analytical,  and  industrial  chemistry,  but  also  collateral  sciences,  such 
as  mathematics,  mechanics,  physics,  mineralogy,  metallurgy,  mechanical 
and  electrical  engineering,  and  drawing,  which  have  been  found  by 
experience  to  be  required  by  the  professional  chemist.  It  is  the  inten- 
tion to  provide  the  graduate  not  only  with  a  thorough  knowledge  of  the 
principles  and  practice  of  chemistry  in  all  its  branches,  but  with  such  a 
broad  and  liberal  education  in  the  collateral  sciences  as  will  prepare  him 
for  every  demand  that  will  be  likely  to  be  made  upon  him  in  connection 
with  his  profession  or  in  the  pursuit  of  investigation. 


FIRST    YEAR 
See  page    33 

SECOND  YEAR 


First  Half  Year                                  Hours  per  week 

Seo  Page 

Class 

Lab'y 

69 
70 
71 
108 
89 
103 
107 

Chemistry  21 
Chemistry  41 
Chemistry  163 
Physics  5 
Mathematics  65 
Mineralogy  15 
Phys.  Educ.  B 

Elementary  Physical  Chemistry 

Elementary  Organic— Lecture  Course 

Quantitative  Analvsis 

Elements  of  Electrical  Engineering 

Differential  and  Integral  Calculus 

Determinative  Mineralogy 

Gymnasium 

Total.. 

3 

a 
4 
5 
5 

13 

3 

a 

18 

" 

Second  Half  Year 

69 
70 
73 
7i 
82 
108 
103 
107 

Chemistry  33 
Chemistry  43 
Chemistry  3s 
Chemistry  164 
Elect.  Eng.  3 
Mechanics  102 
Mineralogy  16 
Phys.  Educ.  B 

Elementary  Physical  Chemistry 
Elementary  Organic— Lecture  Course 
Industrial  Chemistry— General  Course 
Quantitative  Analysis 
Elements  of  Dynamo 
Analytical  Mechanics 
Determinative  Mineralogy 
Gymnasium 

Total.. 

3 

a 
3 
4 

a 
5 

1 

* 

*9 

., 

Summer  Work  :  Chemistry  80a— Memoir. 
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THIRD  YEAR 


First  Half  Year                                    Hours  per  week 

See  Page 

Class 

Lab'y 

73 
73 
69 
7a 
74 
89 

99 
100 

Chemistry  83 
Chemistry  91 
Chemistry  101 
Chemistry  171 
Chemistry  183 
Mech.  Eug.  13 
Metallurgy  131 
Metallurgy  141 

Industrial  Chemistry 
Chemical  Microscopy 
Advanced  Inorganic 
Organic  and  Sanitary  Analysis 
Industrial  Electrochemistry 
Steam  Power  Machinery 
Iron  and  Steel  (half  term) 
Electro-metallurgy  half-term 

Total.. 

3 

a 
4 
I 
3 

1 

4 

X5 

15 

19 

Second  Half  Year 

73 
73 
73 
73 

73 
74 

89 

Chemistry  84 
Chemistry  88 
Chemistry  ga 
Chemistry  103 
Chemistry  170 
Chemistry  184 
Mech.  Eng.  14 

Food  Chemistry 

Industrial— Laboratory  Course 

Chemical  Microscopy 

Advanced  Inorganic  Chemistry 

Assaying 

Industrial  Electrochemistry 

Steam  Power  Machinery 

Total.. 

3 

a 
a 

3 

6 
4 

9 
3 

11 

aa 

Summer  Work  :  Chemistry  80b— Memoir. 

FOURTH  YEAR 


69 
70 

99 

(-9 
69 
74 
74 
70 
7* 
7a 
73 


First  Half  Year 


Chemistry  7 
Chemistry  33 
Chemistry  93 
Chemistry  g5 
Chemistry  143 
Chemistry  167 
Chemistry  173 
JChemistry  89 
Chemistry  131 
Chemistry  141 
Metallurgy    101, 
in 


Elective 
or  taken 
from 
after- 
noons 


Inorganic  Chemistry— or    "1 

Physical  Chemistry— or 

Electro  Chemistry— or 

Industrial  Chemistry— or    }■ 

Organic  Chemistry— or 

Adv.Inorg.Anal.Chem.—  or 

Adv.  Org.  Anal.  Chemistry  J 

Industrial  Chemistry— Lab.  Practice 

Physical  Chemistry 

Organic  Chemistry— General  Course 

Introduction  and  Metal'gy  of  Copper 


Total. 


Second  Half  Year 


Chemistry  13a 
Chemistry  143 
Metallurgy  123 
Thesis — 
Chemistry  8 
Chemistry  34 
Chemistry  94 
Chemistry  96 
Chemistry  144 
Chemistry  168 
Chemistry  174 
Chemistry  176 


Physical  Chemistry 

Organic  Chemistry— General  Course 

Lead,  Silver,  Gold  and  Zinc 

Inorg.  Chemistry— or 
Physical  Chemistry— or 
Electro-Chemistry— or 
Industrial  Chemistry— or 
Organic  Chemistry— or 
Adv.  Inorg.  Anal.  Chemistry— or 
Adv.  Org.  Anal.  Chemistry— or 
Food  Chemistry 

Total. 


(2) 


17 


16 


15 
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COURSES    OF   INSTRUCTION 
Arranged  Alphabetically  by  Departments 

ASTRONOMY 
105— Geodesy.    3  hours.     Professor  S.  A.  Mitchell. 

Brief  history  of  geodetic  operations  and  description  of  theodolites,  base  appa- 
ratus, and  other  instrnments  used  in  geodetic  work,  including  their  adjustment 
and  use.     Text-book:    Wilson'9   Topographic  Surveying. 

106 — Geodesy.  1  hour  and  1  laboratory  period.  Professor  S.  A. 
Mitchell. 

The  applications  of  practical  astronomy  to  geodetic  surveying,  and  training  in 
methods  of  accurate  computation.     Text-book:    Wilson's   Topographic  Surveying. 

ioj — Geodesy.  Professors  Jacoby  and  S.  A.  Mitchell,  with  Assist- 
ants. 

Summer  Course  in  Practical  Geodesy:    Given  at  Camp  Columbia,  Morris,  Conn. 
Pre-requisite  for  all  courses:  Mathematics  of  first  two  years. 

BACTERIOLOGY 

IOi — Sanitary  Bacteriology.  2  hours  and  2  afternoons  a  week  for 
nine  weeks.    Professor  Hiss  and  Assistants. 

Practical  instruction  in  Bacteriology  and  Hygiene.  A  short  course  for  Sanitary 
Engineering  Students,  adapted  from  and  covering  the  more  important  topics  treated 
in  Courses  51  and  201.  The  course  opens  with  the  study  of  the  relationship  of 
bacteria  to  other  micro-oreanisms.  It  embraces  the  methods  of  staining,  examining, 
and  cultivating.  The  student  is  taught  by  practical  exercises  the  methods  of 
separating  one  species  of  bacteria  from  another,  and  the  series  of  biological  char 
acters  used  in  identification  of  the  various  forms.  The  general  and  special  re 
lationship  of  micro-organisms  to  disease  is  considered.  Finally  some  of  the  hy 
gienic  aspects  of  bacteriology  are  studied  by  experiments  in  the  sterilization  of  in 
fectious  material,  disinfection  of  the  hands,  and  by  practice  in  the  biology  of  air 
water,  milk,  and  other  foods,  and  soil  analysis.  For  students  in  Sanitary  En 
gineering. 

Pre-requisite:    Chemistry,  65,  92a. 

BOTANY 
7— Growth  and   Character   of  Timber,     i   hour  and   i   afternoon. 
Professor  Curtis  and  Dr.  Darling. 

Growth  of  the  tree,  character  and  arrangement  of  its  tissues;  relation  of  moisture 
to  strength  of  timber;  the  deterioration,  preservation,  distribution  and  identifica- 
tion  of  lumber. 

Second  year  for  Civil  Engineering  students. 

CHEMISTRY 
Courses 

The  following  courses  in  Chemistry  are  included  in  the  programs 
of  study  of  the  Schools  of  Mines,  Engineering  and  Chemistry.  For 
other  courses  offered  see  the  Announcement  of  the  Division  of 
Chemistry. 

Inorganic  Chemistry 

3-4 — General  Inorganic  Chemistry.  2  lectures  and  i  recitation. 
Professor  Smith. 

Introduction.  Laws  of  chemical  combination,  history,  occurrence,  preparation, 
and   properties   of   the  elements   and  their  principal  compounds. 

Pre-requisite:   Course  Chem.  A  or  Entrance  Examination  in  Chemistry. 
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7-8— Inorganic  Chemistry.  2  hours  lectures  or  conferences  through- 
out the  year  and  5  afternoons  laboratory  the  second  half-year.  Pro- 
fessor Smith. 

Designed  for  fourth-year  students  in  the  course  of  chemistry  selecting  a  thesis 
in  inorganic  chemistry. 

101-102 — Advanced  Inorganic  Chemistry.  2  lectures.  Professor 
Smith. 

Including  the  origin  and  development  of  the  periodic  law,  and  the  history  and 
properties  of  the  rare  elements. 

Prerequisite:    Courses  3-4  and  61-62. 

Summer  Courses 
For  details,  see  the  Announcement  of  the  Summer  Session. 
si  (s6) — General  Chemistry.    5  hours  lectures,  12  hours  laboratory 
work,  and  2  hours  recitations.    Mr.  Williams  and  Mr.  Whitman. 

Extension   Teaching,  Evening   Courses 
For  details  see  the  Announcement  of  Extension  Teaching. 
eAi-eA2 — General  Chemistry,  College  Course.    Elementary  course 
for  students  beginning  the  study  of  chemistry.     2  lectures,  1  recitation 
and  2  hours  laboratory  practice,   counting  as  4  points  each  half  year. 
This  course  is  a  duplication  of  the  day  course  A1-A2.     Dr.  Neish. 
Text-book:     Smith's    General   Chemistry   for   Colleges. 

Physical   Chemistry 
21-22 — Elementary    Physical    Chemistry.      2    hours    lectures    and 
recitations  first  half-year  and  3  hours  second  half-year,  with  laboratory 
work  15  afternoons  second  half-year  (equivalent  to  1  afternoon  through- 
out the  half-year).     Professor  Morgan  and  Assistant. 

Text-books:    Portions   of  Morgan's   Physical   Chemistry   for  Electrical  Engineers 
and  Ostwald's  Physico-Chemical  Measurements. 
Pre-requisite:    Course  3-4  and  Physics  3-4. 

121-122 — Physical  Chemistry.  3  hours  lectures  and  recitations 
during  the  entire  year,  and  15  afternoons,  equivalent  to  1  afternoon  a 
week,  laboratory  during  the  first  half-year.  Professor  Morgan  and 
Assistant. 

A  course  treating  of  the  states  of  aggregation,  solution,  and  ions  in  analytical 
chemistry,  thermo-chemistry,  chemical  mechanics,  and  electro-chemistry.  Text- 
books: Morgan's  Elements  of  Physical  Chemistry,  and  Ostwald's  Physico-chemical 
Measurements. 

Pre-requisite:    Course  3-4  and  61-62,  Physics  3-4  and  Mathematics  5-6. 

38 — Theoretical  Electro-chemistry.  2  hours  lectures  and  recita- 
tions.    Professor  Morgan. 

Text-book:   Portions  of  Morgan's  Physical  Chemistry  for  Electrical  Engineers. 
Pre-requisite:    Course  3-4  and  65,  Physics  3-4,   and  Mathematics  5-6. 

23-24 — Physical    Chemistry.      2    hours    in    lectures    or    conferences 

throughout  the  year,  and  5  afternoons  laboratory  during  the  second 

half-year.     Professor  Morgan. 

Designed  for  four-year  students  in  the  course  of  chemistry,  selecting  a  thesis 
in   physical  chemistry. 
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Summer  Courses 

For  details,  see  the  Announcement  of  the  Summer  Session. 

si  38— Elementary  Physical  Chemistry.  5  hours.  Professor 
Morgan. 

Research.  The  laboratory  is  open  to  properly  qualified  students  for 
research  under  the  direction  of  Professor  Morgan. 


Organic   Chemistry 

41-42— Organic  Chemistry,  Elementary  Lecture  Course.  2  hours. 
Dr.  Nelson. 

An  introductory  course,  which  can  be  taken  with  advantage  by  college  students 
and  by  those  expecting  to  enter  the  medical  course.  Instruction  given  on  such 
important  classes  of  compounds  as  the  hydrocarbons,  alcohols,  ethers,  organic  acids, 
fats,  waxes,  soaps,  cyanides,  sugars,  carbohydrates,  alkaloids,  coloring  matters, 
drugs,  perfumes,  and  the  like.  The  lectures  will  be  liberally  illustrated  by  material 
from  the  Chemical  Museum  and  by  experimental  demonstration.  Text-book: 
Perkin  &  Kipping's  Organic  Chemistry. 

Pre-requisite:  Course  3-4.  It  is  urged  that,  if  possible,  laboratory  work, 
Course  43-44,  be  taken  with  this  elementary  lecture  course. 

43-44— Organic     Chemistry,     Elementary     Laboratory     Course. 

8  hours.    Dr.  Nelson  and  Mr.  Fisher. 

A  study  of  the  typical  methods  for  preparation  and  the  typical  reactions  of  the 
important  classes  of  organic  compounds.  The  laboratory  work  may  be  varied  ac- 
cording to  the  needs  of  the  student.  Text-book:  Gattermann's  Practical  Methods  of 
Organic  Chemistry. 

Pre-requisite  or  parallel:   Courses  3-4  and  41-42. 

141-142— Organic  Chemistry,  General  Course.  3  lectures  and 
2  recitations  a  week  for  one  year,  and  4  afternoons  laboratory  the 
first  half-year.     Professor  Bogert,  Dr.  Nelson  and  Mr.  Fisher. 

A  more  comprehensive  treatment  of  the  subject,  including  a  discussion  of  all  the 
important  classes  of  organic  compounds.  In  the  laboratory  a  large  number  of 
typical  organic  substances  are  prepared  synthetically,  and  instruction  given  in  the 
methods  of  qualitative  and  ultimate  organic  analysis.  In  addition  students  taking 
the  course  as  a  major  for  A.M.  are  required  to  submit  an  essay  upon  some  special 
line  of  practical  work  assigned  by  the  instructor.  Text-books:  Holleman's  Organic 
Chetmstry,  Gattermann's  Practical  Methods  of  Organic  Chemistry. 

Pre-requisite:   Courses  3-4,  21-22,  and  161-162. 

143-144— Organic  Chemistry,  Conferences.  2  hours.  Professor 
Bogert. 

Presentation  and  discussion  of  recent  important  investigations  in  the  field  of 
organic  chemistry. 

Required,  together  with  5  afternoons  laboratory  practice  the  second  half- 
year,  of  all  fourth-year  students  in  the  School  of  Chemistry  selecting  a  thesis  in 
organic  chemistry.     Pre-requisite  or  parallel:    Course  141-142. 

150— Advanced  Organic  Chemistry  for  Chemical  Engineering 
Students.   2  lectures  and  3  afternoons.     Dr.  Nelson  and  Mr.  Fisher. 

The  study  of  organic  compounds  and  reactions  with  particular  reference  to  their 
relation  to  commercial  products  and  manufacturing  processes. 

Pre-requisite:  Course  41-42  or  its  equivalent.  Required  of  all  third-year 
chemical  engineering   students. 
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151-152 — Advanced     Organic     Chemistry,     Laboratory     Course. 

2  afternoons.     Professor  Bogert,  Dr.  Nelson  and  Mr.  Fisher. 

The  synthesis  and  study  of  any  one  of  such  important  groups  of  organic  com- 
pounds as  (a)  dyestuffs,  (b)  essential  oils,  (c)  alkaloids,  (d)  synthetic  drugs  and 
organic  substances  of  special  interest  to  the  medical  profession,  or  similar  groups 
to  be  selected  by  conference  with  the  instructor. 

For  chemical  engineers  electing  a  thesis  in  organic  chemistry,  3  afternoons,  second 
half-year.  Minor  for  A.M.  or  Ph.D.  or  major  for  A.M.,  depending  upon  amount 
of  work  performed. 

Pre-requisite:     Courses  3-4,  41-42,  and  43-44. 

Summer   Courses 

S41-42 — Organic  Chemistry,  Elementary  Lecture  Course.  10  hours. 
Dr.  Nelson  and  Assistant. 

S43-44 — Organic  Chemistry,  Laboratory  Course.  Dr.  Nelson  and 
Assistant. 

Research.  The  laboratory  is  open  to  properly  qualified  students  for 
research  under  the  direction  of  Dr.   Nelson  and  Assistant. 

Analytical  Chemistry 
61   or  62— Qualitative  Analysis.     4  hours  and  5  afternoons.     Pro- 
fessor Beans,  Dr.  Zanetti,  Dr.  Moore. 

Theory  and  practice  of  qualitative  analysis  based  upon  the  principles  of  physical 
chemistry.     Text-book:   Bottger's   Qualitative  Analysis. 
Pre-requisite:    Course  1  or  2  or  its  equivalent. 

65 — Quantitative  Analysis,  Inorganic,  Short  Course.  2  hours  and 
2  afternoons.    Professor  Metzger  and  Dr.  Jouet. 

The  analyses  included  in  this  course  are:  Magnesium  sulphate,  potassium  alum, 
coal,  iron  ore,  copper,  zinc,  alkalimetry,  acidimetry,  and  flue  gas.  Text-books: 
Miller's  Notes  on  Quantitative  Analysis  and  Miller's  Calculations  of  Analytical 
Chemistry. 

Pre-requisite:    Courses  3-4  and  61  or  62. 

66 — Quantitative  Analysis,  Inorganic.  3  hours  and  4  afternoons. 
Professor  Metzger,  Dr.  Jouet  and  Assistants. 

The  analyses   included  in   this  course  are:   Magnesium  sulphate,  potassium   alum, 
iron-ammonium   alum,    coal,    iron   ore,   pig  iron,    spiegel,    zinc   ore,    limestone,    slag, 
copper,  lead,  arsenic,  antimony,   ores,  and  flue  gas.     Text-books:   Miller's  Notes  on 
Quantitative  Analysis  and   Miller's   Calculations  of  Analytical  Chemistry. 
Pre-requisite:    Courses  3-4  and  61  or  62. 

161-162 — Quantitative  Analysis,  Inorganic.  1  hour  and  8  hours 
laboratory.     Professor  Metzger  and  Assistant. 

Text-book:  Talbot's   Quantitative  Analysis. 
Pre-requisite:    Courses  3-4  and  61  or  62. 

163-164 — Quantitative  Analysis.  4  hours  and  4  afternoons.  Pro- 
fessor Metzger  and  Dr.  Jouet. 

The  classroom  work  includes  not  only  the  methods  applied  in  the  laboratory,  but 
discussions  of  quantitative  separations  from  a  theoretical  standpoint,  and  chemical 
calculations.  Text-books:  Treadwell's  Quantitative  Analysis  and  Miller's  Calcula- 
tions of  Analytical  Chemistry. 

The  analyses  included  in  this  course  are:  Magnesium  sulphate,  sodium  or  other 
chloride,  potassium  alum,  iron  ammonium  alum,  coal,  iron  ore,  pig  iron,  spiegel, 
limestone,  slag,  feldspar,  ores  of  zinc,  copper,  nickel,  lead,  chromium,  arsenic, 
antimony,  alloys,  rocks,  gas  analysis,  etc. 

Pre-requisite:    Courses  3-4  and  61  or  62. 
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167-168— Advanced  Inorganic  Analysis.  2  hours.  Professor  Metz- 
ger. 

Laboratory  practice  5  afternoons  during  the  second  half-year  for  students  in  the 
course  of  Chemistry,   who  elect  thesis  work  in  inorganic  analytical  chemistry. 

In  the  first  half-year,  systematic  volumetric  analysis  and  technical  analytical 
methods  connected  with  iron,  steel,  copper,  lead  and  zinc  metallurgy.  In  the  second 
half-year,  rock  analysis  and  the  analytical^chemistry  of  the  rare  elements. 

Pre-requisite  or  parallel:     Chemistry  101-102,   121-122,   163-164. 

171— Organic  and  Sanitary  Analysis.  4  hours  and  5  afternoons  for 
chemists,  3  afternoons  for  chemical  engineers,  3  to  5  afternoons  for 
graduate  students.     Professor  Sherman  and  Assistant. 

The  lectures  include  general  and  industrial  organic  analysis,  food  and  fertilizer 
analysis  and  inspection,  examination  of  drinking  water.  Special  attention  is  given 
to  the  interpretation  of  the  analytical  results.  Text-books:  Sherman's  Methods  of 
Organic  Analysis  and  Mason's  Examination  of  Water;  for  reference,  Richards  and 
Woodman's  Air,    Water  and  Food. 

The  analyses  included  in  this  course  are:  Acidimetry  and  alkalimetry,  alcohol, 
glycerol,  formaldehyde,  sugars,  cream  of  tartar,  milk,  butter,  fattv  and  lubricating 
oils,  soap,  paint,   asphalt,  fertilizers,  and  the  sanitary  analysis  of  water. 

Prerequisite:    Courses  3-4,  61-62,  161-162  and  41-42. 

173-174— Advanced  Organic  Analysis.  2  hours.  Professor  Sher- 
man. 

Laboratory  work  during  the  second  half-year  5  afternoons  for  fourth-year  stu- 
dents in  the  Chemistry  course  who  elect  thesis  work  in  organic  analytical  chem- 
istry or  food  chemistry. 

The  analytical  chemistry  of  proteins  and  their  derivatives,  alkaloids,  tannins  and 
fibres;  plant  analysis;  advanced  methods  in  food  analysis;  measurement  of  the 
activity  of  enzymes  and  the  digestibility  and  nutritive  value  of  food;  systematic 
review  of  organic  analysis. 

Pre-requisite  or  parallel:     Course  171   (or  equivalent  work  in  271-272). 

176— Chemistry  of  Food  and  Nutrition.  3  hours.  Professor 
Sherman. 

The  chemistry  and  functions  of  the  foodstuffs;  the  composition  and  nutritive 
values  of  food  materials;  the  amounts  of  food  required  in  nutrition;  methods  of 
determining  the  nutritive  values  of  special  foods  and  the  effects  of  adulteration; 
food  legislation  and  inspection;  standards  of  purity  for  food  products;  normal  and 
abnormal  variations  in  composition. 

69  or  170— Assaying.  2  lectures  or  recitations  and  3  afternoons  first 
half-year  for  mining  engineers  and  metallurgists;  second  half-year  for 
chemists.     Professor  Hall. 

Ores   and  metallurgical   products.      Text-book:    Fulton's  Manual  of  Assaying. 

Ihe  assays  included  in  this  course  are:  Preliminary  (reagents,  etc.);  lead  ores; 
gold  and  silver  ores  pure  and  impure,  including  galena,  stibnite,  arsenopyrite, 
blende,  pynte,  tellurites,  etc.;  mattes  and  tailings;  corrected  assays  and  extraction 
tests;  gold,  silver,  and  lead  bullions. 

Pre-requisite:    Courses  3-4,   61-62,  and  Mineralogy  1-2  or  7-8. 

160— Special  Methods  of  Assaying  Ores,  Alloys,  and  Furnace 
Products.     8  hours  conferences  and  laboratory.     Professor  Hall. 

Comparison  of  methods  and   determination  of  losses. 

IVe-requisite:    Courses  3-4,  61-62,  69,  and  Mineralogy  1-2  or  7-8. 
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Summer  Courses 
For  details,  see  the  Announcement  of  the  Summer  Session. 
S61-62 — Qualitative   Analysis.      10  hours  lectures   and   conferences, 
and  30  hours  laboratory  work  a  week.    Professor  Beans  and  Assistant. 

s6g  or  170— Assaying.  5  hour?  lectures  and  30  hours  laboratory 
work  a  week.    Professor  Hall. 

Required  of  Chem.  Engineers. 

S161-162— Quantitative  Analysis.  5  hours  lectures  and  30  hours 
laboratory  work  a  week   (accepted  for  Course  65).     Dr.  Jouet. 

sF— Chemistry  of  Nutrition.  5  hours  lectures.  Professor  Sher- 
man. 

si7ia— Organic  and  Sanitary  Analysis.  Conferences  and  laboratory. 
Professor  Sherman  and  Assistant. 

si 71b— Food  Analysis  and  Inspection.     Professor  Sherman. 

Research.  The  laboratory  is  open  to  properly  qualified  students  for 
research,  in  organic  analytical  chemistry  or  the  chemistry  of  foods, 
under  the  direction  of  Professor  Sherman. 

Industrial  Chemistry 

81-82— Industrial  Chemistry,  General.  3  hours  lectures.  Professor 
Whitaker  and  Dr.  Kress. 

Air;  water;  sulphur;  sulphuric  acid;  nitric  acid;  hydrochloric  acid;  alkali  indus- 
tries; potash;  artificial  gases  and  natural  gas;  petroleum  and  its  products;  cement • 
paints  and  varnishes;  soaps;  ceramics;  glass;  explosives;  fuels;  structural  ma- 
terials. 

Fre-requisite :   Courses   Chemistry  3-4. 

83— Industrial  Chemistry,  Advanced  Course.  3  hours.  Professor 
Whitaker  and  Dr.  Kress. 

Textiles;    tanning;    glue  and   gums;   India   rubber  and  plastics;   celluloid;   explo- 
sives; artificial  fibers;  paints,  oils,  varnishes;   paper;  photography,  etc. 
Pre-requisite:   Courses  Chemistry  3-4  and  81-82. 

84— Food  Chemistry.     3  hours.    Professor  Sherman. 

The  general  principles  of  food  chemistry  and  food  legislation  and  the  chemical 
technology  and  control  of  the  more  important  food  industries;  milk  and  its  products; 
meat  products;  edible  fats  and  oils;  grain  products;  starch,  glucose,  sugar;  fruit 
products;   fermentation;    etc. 

Pre-requisite:  Chemistry  3-4  and  81-82. 

88— Industrial  Chemistry,  Laboratory  Practice.  3  afternoons. 
Professor  Whitaker  and  Dr.   Kress. 

Preparation  of  inorganic  chemicals,  including  the  preparation  and  purification  of 
chemical  reagents,  pigments,  and  salts  of  the  rare  as  well  as  of  the  common  metals. 
Pre-requisite:    Courses  3-4,  61-62. 

89— Industrial  Chemistry,  Laboratory  Practice.  1  afternoon.  Dr. 
Kress. 

Special    applications:    Textile    industry,    vegetable    and    animal    fibres,    bleaching, 
dyeing,  and  calico  printing.     Including  instruction  in  the  use  of  the  microscope. 
Pre-requisite:    Course  3-4,   61-62,  147-148. 
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95-96 — Industrial  Chemistry.  2  hours  throughout  the  year,  and 
5  afternoons  in  the  laboratory  during  the  second  half-year.  Professor 
Whitaker  and  Dr.  Kress. 

Designed  for  fourth-year  students  in  the  course  of  chemistry  selecting  a  thesis  in 
industrial  chemistry. 

197— Chemical  Factory  Apparatus  and  Machines.  3  hours.  Pro- 
fessors Whitaker  and  Thomas. 

To  cover  the  construction  and  use  of  the  apparatus  and  machinery  of  chemical 
factories. 

198— Chemical  Factory  Management.  3  hours.  Professor  Whit- 
aker. 

Relations  of  the  chemist  to  the  various  phases  of  making  and  marketing 
chemical  products.  Sales  organization  and  methods;  transportation  of  products 
and  materials;  purchase  of  supplies;  warehousing  and  stocks;  manufacturing  organi- 
zation; equipment;  process;  operation;  cost  keeping  and  accounting;  process  im- 
provements; product  improvements;  factory  economics;  labor;  insurance;  fire  and 
accident  protection;   finance;   administration. 

80a— Factory  Inspection  and  Summer  Memoir.  Professor  Whit- 
aker and  Dr.  Kress. 

Visiting  and  inspection  of  chemical  works  of  special  interest  in  and  near  New 
York  City,  such  as  gas  works,  petroleum  refineries,  sugar  houses,  dyeing  and  calico- 
printing  establishments,  paint  and  varnish  factories,  soap,  candle  and  oleomargarine 
works,  paper  mills,  and  plants  for  the  purification  of  water  and  sewage. 

Required  of  all  second-year  students  in  the  courses  of  chemistry  and  chemical 
engineering.  The  visits  to  factories  are  made  during  the  two  weeks  following  the 
final  examinations. 

80b — Factory  Inspection  and  Summer  Memoir.  Professor  Whit- 
aker and  Dr.  Kress. 

Similar  to  8oa,  but  including  working  plans  and  full  estimate  of  cost  of  a 
chemical  laboratory,  according  to  outlines  assigned  to  each  student. 

Required  of  all  third-year  students  in  the  course  of  chemistry. 

Required,  without  memoir,  of  all  third-year  students  in  the  course  of  chemical 
engineering. 

Electro-Chemistry 

93-94— Electro-Chemistry.  2  hours  throughout  the  year,  and  5  after- 
noons during  the  second  half-year.     Professor  Tucker. 

Designed  for  fourth-year  students  in  the  course  of  chemistry  or  chemical  engi- 
neering selecting  a  thesis  in  electro-chemistry. 

181  or  182— Practical  Electro-Chemistry.  10  hours.  Professor 
Tucker. 

Electro-plating,    influential    factors   in    electrolysis,    electrolysis   with    molten    elec- 
trolytes, the  use  of  diaphragms,  electrolytic  preparations,  electric  furnace  practice. 
Pre-requisite:    Courses  3-4,  61-62,  65. 

183-184 — Industrial  Electro-Chemistry.  1  hour  and  14  afternoons. 
Professor  Tucker. 

Theory  and  practice  of  electrolysis  or  electro-deposition,  electric  smelting  and 
refining,  primary  and  secondary  batteries,  production,  preparation  and  purification 
of  chemicals  and  metals. 

Pre-requisite:    3-4,  65. 
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CIVIL   ENGINEERING 

2— Theory  of  Surveying.  Lectures  and  recitations,  2  hours.  Pro- 
fessor Lovell,  Mr.  Finch  and  Assistants. 

Methods  of  measuring  angles  and  distances.  Cumulative  and  compensating 
errors,  and  corrections  to  be  applied.  Limits  of  precision.  Use,  care,  and  adjust- 
ment of  the  engineer's  transit,  level,  and  compass.  Magnetic  declination  and  varia- 
tion. Local  attraction.  Relocation  of  old  lines  by  compass  bearings.  Erroneous 
standards.  Surplus  and  deficiency.  Significance  of  monuments.  Traverses;  com- 
putations of  area  and  error  of  closure.  Laying  out  and  dividing  up  land.  System 
of  public  land  surveys.  Topographic  surveys;  transit  stadia  and  plane  table 
methods.  Triangulation.  City  surveying,  subdivision  and  resurvevs.  Interpreta- 
tion of  deed  descriptions.     Text-book:    Tracy's  Plane  Surveying. 

For  all  first-year  students  in  Chemistry. 

15— Surveying  between  the  First  and  Second  Years.  Field  work 
and  office  work.  5  weeks.  5  surveys.  Professor  Lovell,  Mr.  Finch 
and  Assistants. 

Survey  /includes  pacing  and  chaining,  ranging  out  lines,  contouring  with  hand 
level,  mapping.  Survey  2  consists  of  the  adjustment  of  the  level  and  in  running  a 
line  of  differential  levels.  Note  book  and  report.  Survey  3  consists  of  the  adjust- 
ment of  the  transit,  angle  reading  by  repetition,  determination  of  stadia  constant, 
and  running  an  azimuth  traverse  in  which  horizontal  distances  are  determined  by 
the  stadia,  and  differences  of  elevation  computed  from  the  vertical  angle.  Note 
bock  and  map.  Survey  4  consists  of  a  compass  survey  of  a  closed  field,  location 
of  boundaries  and  principal  details,  computation  of  area,  and  map.  Survey  5  con- 
sists of  repetition  traverse  of  a  closed  field,  distances  being  measured  by  steel  tape 
corrected  for  catenary,  pull,  and  temperature.  Determination  of  magnetic  declina- 
tion by  observation  on  Polaris. 

Pre-requisite:  2. 

21 — Highway  Engineering.    2  hours.     Professor  Lovell. 

Road  resistances — Design,  construction,  maintenance  and  repair,  of  Dirt,  Gravel, 
Broken  Stone  and  Miscellaneous  Roads — Street  Location — City  pavements — Belgian 
and  Granite  Block,  Brick,  Asphalt  and  Wooden  Block — Foundations — Grades — 
Drainage,    Specifications.     Reference  and  text-books:  Roads  and  Pavements,   Baker. 

23 — Theory  of  Railroad  Surveying.  2  hours  and  1  afternoon.  Pro- 
fessor Lovell  and  Mr.  Finch. 

An  abridged  course,  for  students  in  Mining  Engineering,  covering  the  same  sub- 
jects as  are  taken  in  Course  51-52. 

Pre-requisite:    15. 

25 — Surveying  between  the  Second  and  Third  Years.  Field  work 
and  office  work.  5  weeks.  5  surveys.  Professor  Lovell,  Mr.  Finch 
and  Assistants. 

Survey  1  consists  of  running  a  line  of  levels  for  a  water  main  or  sewer,  plotting 
profile,  and  computation  of  excavation.  Survey  2  consists  of  a  topographic  survey 
with  plane  table.  Intersection,  re-section,  and  traverse  methods  to  be  used,  and 
map  made.  Survey  $  consists  of  a  topographic  survey  with  transit  and  stadia; 
note-book  and  map.  An  optional  course  in  photographic  surveying  may  be  offered 
in  19 12.  Survey  4  consists  of  solar  observations  with  transit  and  solar  compass 
for  the  determination  of  the  true  meridian  and  magnetic  declination.  Survey  5a, 
City  surveying,  consists  of  the  division  of  land  into  city  blocks  and  subdivision  into 
lots  and  the  location  of  the  street  and  lot  lines;  grade  lines  for  streets  and  grades 
at  street  intersections;  location  and  grade  of  sewers;  including  map,  profile,  and 
computation  of  excavation  for  street  opening  and  sewer  line.  Relocation  of  lot 
lines  and  problems  in  surplus  and  deficiency,  map  showing  property  with  record 
line  and  encroachments.     Location  of  lines  for  buildings,  bridge  abutments,  etc. 

Pre-requisite:    15. 
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26— Surveying  between  the  Third  and  Fourth  Years.  Hydro- 
graphic  Survey.  Field  and  office  work.  2  weeks.  Professor  Lovell, 
Mr.  Finch  and  Assistants. 

Survey  made  in  conjunction  with  Geodetic  Survey  (total  time  5  weeks,  see 
page  70,  Dept.  of  Astronomy),  which  furnishes  main  triangulation  net  for  topo- 
graphic and  hydrographic  control.  Hydrographic  survey  consists  of  auxiliary  tri- 
angulation, topography  on  shore  by  stadia,  soundings,  observations  on  outlet  by 
current  meter  for  river  discharge,  adjustment  of  angles,  computation  of  triangula- 
tion system,  also  of  river  discharge,  map  and  report. 

Pre-reauisite :    25. 

27 — Surveying  between  the  Second  and  Third  Years.  Field  work 
and  office  work.  5  weeks.  5  surveys.  Professor  Lovell,  Mr.  Finch 
and  Assistants. 

Same  as  C.  E.  25  except  Survey  5a  is  omitted  and  Survey  5b  is  added.  Survey  Sb 
consists  of  the  location  of  a  mining  claim  1,500  feet  long  by  300  feet  wide  in  con- 
flict with  existing  claims,  and  the  determination  of  the  areas  in  conflict.  The 
claim  is  located  upon  an  outcrop  of  assumed  dip  and  strike,  in  such  a  manner  as  to 
keep  the  center  line  close  to  the  outcrop.     Reports  and  maps. 

Pre-requisite:    15. 

28— Surveying  between  the  Second  and  Third  Years.  Field  work 
and  office  work.    3  weeks.    Professor  Lovell,  Mr.  Finch  and  Assistants. 

Railroad  surveying — Reconnaissance — Preliminary  survey — Location — Cross-sec- 
tioning— Computation — Economic  comparisons  from  construction  and  operating 
standpoints — A  complete  survey  for  the  location  of  a  line  two  to  five  miles  long  is 
made,  with  all  the  attendant  computations  requisite  for  placing  the  work  under 
contract.  Maps,  plans,  profiles,  calculations  of  earthworks,  estimates  and  specifica- 
tions.    Daily  conferences  with   instructor  in  charge  of  party. 

Pre-requisite:    23,  27. 

51-52 — Theory  of  Railroad  Surveying.  2  hours  and  1  afternoon, 
first  half-year,  and  3  hours  and  1  afternoon  second  half-year.  Professor 
Lovell  and  Mr.  Finch. 

Simple,  compoimd,  and  reversed  curves — Transition  curves — Switch  work — 
Cross-section  work — Earthwork  computations — Cost  of  earthwork;  cut  and  fill — 
Borrow — Waste  and  overhaul — Office  work;  Profile  with  mass  curve  showing  proper 
distribution  of  excavation.  Lectures  and  practical  problems.  Reference  books: 
Searle's  Field  Engineering  and  Crandall's   Transition   Curve  and  Earthwork. 

Pre-requisite:    15. 

53-54 — Elasticity  and  Resistance  of  the  Materials  of  Engineering. 

5  hours  lectures  and  recitations  first  half.  6  hours  first  half-year  of 
problem,  design  and  laboratory  work;  3  hours  second  half.  Professors 
Burr  and  Williams,  Mr.  MacGregor  and  Mr.  Sayre. 

Laws  of  elasticity  in  homogeneous  materials — Coefficients  of  elasticity — Relations 
between  stresses  and  strains — Common  and  exact  theories  of  torsion  and  flexure — 
Elastic  limits,  working  stresses,  and  ultimate  resistances  of  wrought  iron,  cast  iron, 
steel,  alloys,  timbers,  building-stones,  cement,  concrete,  and  masonry — Reinforced 
concrete  construction — Complete  treatment  of  simple  and  continuous  beams — The 
design  and  construction  of  iron,  steel,  and  timber  columns  and  beams,  including 
the  design  and  construction  of  plate  girders — Shafts — Cables — Fatigue  of  materials 
— Specifications — Testing  Laboratory — Discussion  of  properties  of  structural  ma- 
terials as  shown  by  results  of  testing,  by  tension,  compression,  bending,  and  torsion 
— Report  of  tests.  Reference  and  text-book:  Burr's  Elasticity  and  Resistance  of 
Materials. 

Pre-requisite:    Mechanics  102. 
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55— Standard  Methods  of  Water  Analysis.  2  afternoons.  Pro- 
fessor Black. 

Physical  and  biological. 

Pre-requisite :    Zoology  7,  Bacteriology  101,  Civil  Engineering  59. 

57a— Statistics  and  Interpretation  of  Water  Analyses.  20  lectures. 
Mr.  G.  C.  Whipple. 

Collection,  preparation  and  interpretation  of  vital  statistics,  for  the  identification 
of  the  sanitary  condition  of  particular  States,  cities,  or  communities  as  affected  by 
water  and  milk  supplies,  sewerage  systems,  industrial  and  economic  conditions. 
Interpretation  of  complete  water  analyses. 

57b— Drainage  of  Marshes  and  Lowlands.  A  course  of  10  lectures. 
Professor  Black. 

Mosquitos,  habits,  breeding,  methods  of  extermination.     Malaria,  yellow  fever. 

Pre-requisites  for  courses  57a  and  57fc>  are  Zoology  7,  Bacteriology  101,  and 
Civil  Engineering  59. 

58 — Masonry  Structures.  3  hours  and  1  afternoon  with  frequent 
conferences  and  continuous  work  in  design.  Cement  and  mortar  testing 
in  the  cement-testing  laboratory  are  required  of  all  students.  Pro- 
fessor Williams. 

Pressure  and  abutting  power  of  earth — Design  and  construction  of  retaining 
walls — Stability  of  masonry  structures  in  general — Stability  of  towers  and  chim- 
neys under  wind  pressure — Theory  and  design  of  arches  with  vertical  and  inclined 
loads — Theory  and  design  of  reservoir  walls,  earth  and  high  masonry  dams — 
Theory  and  Design  of  masonry  domes — Cement,  concrete,  and  masonry.  Reference 
books:  Ketchum's  Walls,  Bins  and  Grain  Elevators;  Morrison  and  Brodie's  High 
Masonry  Dams,  and    Baker's  Masonry   and  Foundations. 

Pre-requisite:    Mechanics  101-102,  Mineralogy  5. 

59 — Sanitary  Engineering.  2  hours  and  2  afternoons  in  January  in 
Bacteriological  Laboratory.    Professor  Black. 

Treatment  and  disposal  of  sewage  and  refuse  of  manufacturing — Sedimentation 
by  gravity  and  by  chemical  precipitation — Treatment  of  effluent  by  continuous  and 
intermittent  sand  filtration — Septic  tanks — Contact  beds — Percolating  or  trickling 
filters — Fertilization — Intermittent  application  to  soil  with  under-drainage — Disposal 
of  sludge — Plants  for  sewage  treatment — Theory  and  construction  of  sand  filters — 
Pollution  of  potable  water  and  its  purification  by  continuous  and  intermittent  sand 
filtration — Mechanical  filtration — Copper  sulphate,  ozone  and  other  treatments  for 
special  waters— Design  of  sand  filter  for  water  purification.  Examinations  of  and 
reports  on  typical  purification  works.  Biology  and  Bacteriology  of  drinking  water. 
Text-books:  Filtration  of  Public  Water  Supplies,  Hazen;  Purification  of  Sewage, 
Barwise. 

Pre-requisite:    Chemistry    82. 

61 — Analytical  Theory  of  Trusses.  2  hours  and  1  afternoon,  with 
frequent  conferences  and  problems  in  computations  of  stresses  and 
preparation  of  stress  sheets.     Professor  Williams. 

The  truss  element — Simple  cantilever  and  non-continuous  trusses  with  parallel 
chords — Fixed  and  moving  loads — Through  and  deck  spans — Positions  of  any  sys- 
tem of  concentrated  moving  loads  for  greatest  chord  and  web  stresses  when  chords 
are  both  parallel  and  non-parallel — Combination  of  moments  and  graphic  methods — 
Skew  and  irregular  trusses — Applications  to  bridge  and  roof  trusses — Braced  arches 
and  arched  ribs.      Reference  and  text-book:   Burr  and  Falk's  Metallic  Bridges. 

Prerequisite:    Mechanics  101-102. 
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62 — Graphic  Statics.    2  hours  and  1  afternoon.    Professor  Williams. 

For  students  in  Civil  Engineering — Equilibrium  polygon,  and  polygonal  frames 
for  all  systems  of  loads — Graphical  representations  of  shears  and  moments  for  both 
non-continuous  and  continuous  beams — Fixed  and  moving  loads — Lines  of  influence 
— Applications  to  bridge  and  roof  trusses.  Reference  and  text-book:  Burr  and 
Falk's  Influence  Lines. 

Prerequisite:     Mechanics  101-102. 

64 — Graphic  Statics.  1  hour  and  1  afternoon  for  mining  engineers 
and  metallurgist.     Professor  Williams. 

An  abridged  course,  covering  the  subjects  taken  in  Course  62. 
Pre-requisite:    Mechanics  101-102. 

71— Surveying  between  the  Third  and  Fourth  Years.  Field  work 
and  office  work.    4  weeks.    Professor  Lovell,  Mr.  Finch  and  Assistants. 

Railroad  Surveying — Reconnaissance— Preliminary  survey— Location— Cross-sec- 
tioning—Computations — Economic  comparisons  from  construction  and  operation 
standpoints— A  complete  survey  for  the  location  of  a  line  two  to  five  miles  long  is 
made,  with  all  the  attendant  computations  requisite  for  placing  the  work  under 
contract.  Maps,  plans,  profiles,  earthwork  quantities,  estimates  and  specifications. 
Daily  conferences   with  instructor  in  charge  of  party. 

Prerequisite:    51-52  and  25. 

75— Hydraulics.  4  hours,  with  conferences  and  problems.  Professor 
Black. 

Flow  of  water  through  orifices— Time  required  for  discharge  of  canal  locks  and 
similar  volumes— Weir  discharge  and  gauging  by  weirs— Gauging  of  water  for 
systems  of  irrigation— Flow  through  and  discharge  of  pipes— Design  of  pipe  sys- 
tems for  city  waterworks— The  Yenturi  meter— Flow  in  and  discharge  of  open 
canals  and  rivers— Gauging  of  streams  by  current  meters,  floats  and  other  means — 
Backwater— Flow  of  compressible  fluids.  Text-book:  Merriman's  Hydraulics. 
Pre-requisite:    Mechanics  102,  Math.  5. 

76— Hydraulics.     2  hours.     Professor  Black. 

For   students   in   Mining   Engineering — Course  75  abridged. 
Pre-requisite:    Mechanics  102,  Math.  5. 

77— Hydraulics.    2  hours.    Professor  Black. 

For  students  in  Electrical  Engineering— Similar  to  Course  75,  but  shorter.  In 
addition  it  deals  with  the  general  considerations  of  rainfall,  evaporation,  percola- 
tion, run-off,  net  yield  and  storage;  conduction  of  water  from  source  to  power- 
house, hydraulic  losses  and  effective  head  on  wheel;  estimation  of  power.  Text- 
book: Merriman's  Hydraulics.  Reference  book:  Turneaure  and  Russell's  Public 
Water  Supplies. 

78 — Hydraulics.    2  hours.     Professor  Black. 

For  students  in  Mechanical  Engineering — Same  as  76. 

85 — Foundations.  2  hours  and  1  afternoon,  with  frequent  conferences 
and  continuous  work  in  design.     Professor  Burr. 

Earth  foundations — Foundations  for  buildings — Safe  loads  on  masonry  and  foun- 
dation beds — Pile  driving  and  pile  foundations — Safe  loads  for  piles — Protection 
and  preservation  of  piles  and  timber — Sheet  piling  and  coffer-dam  methods — 
Pneumatic  foundations  and  caisson  work — Onen  dredging— Bridge  piers  of  masonry 
and  cylinders — Piers  for  deep  foundations— Methods  of  working  in  quicksands — 
Tunneling.  Reference  books:  Patten's  Foundations  and  Baker's  Masonry  and 
toundations. 

Pre-requisite:    57-58,  Geology  18. 
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87-88— The  Design  and  Construction  of  Bridges,  Roofs,  and 
Buildings.  2  hours  and  1  afternoon,  with  frequent  conferences  and 
continuous  work  in  design.     Professors  Burr  and  Williams. 

Railway  and  highway  bridges — Pin  and  riveted  connections — Single  and  multiple 
system  of  bracing — The  design  of  details  for  bridges,  roofs,  and  buildings— Floors 
for  railway  and  highway  bridges — The  design  and  operation  of  draw-bridges,  in- 
cluding engines,  locking,  lifting,  and  turning  machinery — Cantilever  structures — 
Wind  roads  and  stresses — Single  and  double-track  viaducts  or  trestles  in  iron, 
steel,  and  timber — Lateral  and  transverse  systems  of  bracing — The  design  and 
construction  of  elevated  railroads — The  complete  designs  of  railway  structures, 
with  estimates  of  cost — The  erection  of  iron,  steel,  and  timber  structures,  includ- 
ing the  cost  of  erection.  First  half-year  only  for  sanitary  engineers.  Reference 
and  text-books:  Burr  and  Falk's  Influence  Lines;  Burr  and  Falk's  Metallic  Bridges. 

Pre-requisite:    53-54,  61-62. 

89-90 — Railroad  Engineering.  3  hours  and  2  afternoons  for  con- 
ferences and  design  work.     Professor  Lovell  and  Air.  Finch. 

Location,  construction  and  operation — Train  resistance,  sources  and  probable 
value — Curvature  and  grades,  their  relation  to  velocity  and  maximum  train-load — 
Effect  of  momentum — Reduction  of  grades  at  starting  points — Balance  of  grades 
for  unequal  traffic — Study  of  annual  reports— Analysis  of  operating  expenses — 
Cost  of  operating,  including  maintenance,  per  train  mile — Itemized  statements  of 
costs  and  percentage  to  total  cost — Cost  of  extra  distance,  curvature,  rise  and 
fall,  or  of  additional  trains — Effect  of  roadbed  on  cost  of  running  trains — Justi- 
fiable expenditure  in  construction  to  save  one  mile  of  distance,  one  degree  of 
curvature,  one  foot  of  rise  and  fall,  or  to  reduce  ruling  grade  .1%  per  daily  train 
per  year — Pusher  grade  for  one  or  more  assistant  engines — Economical  use  of 
pusher  grades — Cost  of  excessive  or  limiting  curvature — Value  of  additional  traffic 
— Principles  to  follow  in  locating  new  lines — General  policy  of  improvements  in 
old  lines — Principles  in  design  and  construction  of  railroad  yards  and  terminals — ■ 
Computations  and  detail  drawings  of  turnouts,  slip  switches  and  ladder  tracks — 
Development  and  present  practice  in  block  signalling  and  interlocking,  with  prob- 
lems in  design  and  estimates  of  cost  of  installation — Classification  and  cost  of 
earthwork — Graduation,  cross  section  in  excavation  and  embankment,  and  protec- 
tion of  slopes — Ordinary  and  extraordinary  methods  of  drainage — Water  supply,  its 
quality,  storage,  and  delivery — Design  of  standard  maintenance  of  way  plans, 
including  ballast— Track  and  track  accessories — Organization — Management.  Ref- 
erence books:  Wellington's  Railway  Location — Elements  of  Railroad  Engineering, 
Raymond — American  Railway  Transportation,  Johnson — The  Block  System,  Adams 
— Camp's  Notes  on  Track — Dewsnap's  Rail-way  Organization  and  Working. 
Pre-requisite:    71. 

94 — The  Design  and  Construction  of  Sewers,  and  River  and 
Harbor  Improvements.  2  hours  lectures,  recitations,  problem  and 
design  work.     Professor  Black. 

Sewerage  and  surface  drainage  of  cities  and  towns — Separate  and  combined  sys- 
tems of  sewers — Capacities  of  mains  and  branches — Catch  basins — Manholes — 
Chimneys  or  ventilators— Flush  tanks — Outfalls — Grades — Flow  or  discharge  of 
sewers — Construction.  River  and  Harbor  Improvements — Jetty  system  of  river 
improvements — Scouring  action  of  currents — Erosion  of  river  banks — Dams  for 
improvement  of  river  navigation — Breakwaters — Dykes — Groins — Mattress  work — 
Docks — Harbor  works — Iron  piers — Estimates  of  cost.  Text  and  reference  books: 
Separate  System  of  Sewerage.  Staley  and  Pierson — Sewer  Design,  Ogden — Flozv 
of   Water  in  Open  Channels,  Pipes,  etc.,  Flynn. 

Pre-requisite:    26,  59,  75. 

96 — Principles  of  Hygiene,  Sanitary  Science  and  Public  Health. 

3  hours. 

Health  and  disease;  the  germ  theory  of  disease;  dust  and  its  dangers;  infection 
and  contagion;  drinking  water,  ice,  milk,  vegetables,  shell-fish,  etc.,  as  vehicles  of 
disease;  flies,  fleas  and  other  disease  carriers;  general  problems  of  public  health 
and  sanitation.      Personal  hygiene. 

Pre-requisite:    Civil  Engineering  57a  and  57b. 
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97— Water- Supply  and  Irrigation  Engineering.    2  hours  lectures, 

recitations,  problem  and  design  work.     Professor  Black. 

Rainfall  and  storage — Flow  of  streams — influence  of  soils,  elevation,  geological 
character  of  water-shed — Methods  of  supply,  gravitation,  pumping  from  rivers  or 
natural  underground  storage,  flow  from  the  latter,  underground  flow,  wells — 
Reservoir  construction — Distributing  system.  House  supply  and  wastage.  Irriga- 
tion of  land — Amounts  and  periods  of  application — Construction  of,  and  flow 
through,  diversion  and  distributing  canals.  Text-book:  Public  Water  Supplies 
Turneaure   &    Russell. 

Prerequisite:    26,  59,  75. 

99-100— Graduation  Thesis.  A  project  or  thesis  on  some  civil 
engineering  subject,  approved  by  the  head  of  the  department,  is  re- 
quired of  every  candidate  for  the  degree  of  Civil  Engineer. 


Advanced   Courses 

The  minor  subjects  in  the  department  of  Civil  Engineering  for  the 
University  degrees  of  Master  of  Arts  and  Doctor  of  Philosophy  (those 
courses  which  fulfill  the  residence  requirements)   are  the  following: 

I53"I54— Elasticity   and    Resistance    of   Minerals. 

257-258— Elastic  and  Masonry  Arches.  Open  to  those  who  have 
taken  57-58.     Conferences,  reading  and  design  work,  as   required. 

275-276— Hydraulics    (75    with    additional    reading). 

285-286 — Foundations,  including  theory  of  earth  pressure  (85  with 
additional  reading). 

287-288— Long  Span  Bridges.  Open  to  those  who  have  taken  Civil 
Engineering  87-88.  Conferences,  with  reading  and  design  work  as 
required. 

The  major  subjects  for  the  same  University  degrees  are  the  follow- 
ing: 

259-260— Sanitary  Engineering.    Pre-requisite :  Courses  59,  94,  98. 

277-278— Hydraulic  Engineering,  including  the  hydraulics  of  rivers 
and  power  plants  and  municipal  water-works. 

289-290— -The  Engineering  of  Structures,  including  long  span 
sewage  works,  streets  and  other  public  works  and  their  administration. 

289-290— The  Engineering  of  Structures,  including  long  span 
bridges  and  deep  foundations,  with  methods  of  building  them,  and  ad- 
vanced work  in  Elasticity  and  Resistance  of  materials. 
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Equipment 

The  drafting  rooms  and  offices,  situated  on  the  fourth  floor  of  the 
Engineering  building,  are  equipped  with  a  standard  form  of  drafting 
table,  and  have  a  seating  capacity  for  175  students. 

The  collections  of  the  department  contain  a  complete  set  of  models 
illustrating  problems  in  projections  and  descriptive  geometry,  as  well 
as  the  usual  charts,  blue  prints,  and  models  for  use  in  the  lecture  and 
drafting  rooms.#  A  special  feature  of  the  collection  is  a  full  set  of 
Olivier  models  illustrating  the  warped  surfaces  and  problems  in  inter- 
sections and  tangencies. 

DRAFTING 

1,  2— Drafting.  1  hour  and  14  hours  drafting.  Professor  Mayer, 
Mr.  Miller,  Mr.  Harrington,  and  Mr.  Beans. 

(a)  Elements  of  mechanical  drafting — Use  of  instruments;  plane  problems;  free- 
hand lettering;  dimensioning;  (b)  Projections — Orthographic  projection;  intersec- 
tions; developments;  problems  in  descriptive  geometrv;  isometric  projection;  cab- 
inet projection;  (c)  Machine  drafting — Conventional  signs  for  materials  of  con- 
struction; sketching  of  machine  details.  Working  drawings;  tracings;  blue  print- 
ing;   (J)   Topography — Conventional  signs;   hill  shading;   mapping. 

3,  4— Descriptive  Geometry.  3  hours.  Professor  Mayer,  Mr. 
Miller,  and  Mr.  Harrington. 

Problems  on  point,  line,  and  plane;  classification  of  surfaces;  tangent  planes  to 
single  curved  surfaces  and  surfaces  of  revolutions;  intersections;  developments; 
warped  surfaces. 

5,  6— Drafting.    6  hours.     Professor  Mayer  and  Mr.  Miller. 

(a)  Graphics — Shades  and  shadows;  perspective;  (b)  Stone  cutting — Buttress; 
wing- wall;  arches. 

Pre-requisite:    Drafting  1-2,  3-4. 

7»  8 — Drafting.  6  hours.  Professor  Mayer,  Mr.  Miller  and  Mr. 
Harrington. 

(a)  Structural  drafting — Standard  rolled  sections;  conventional  riveting  signs; 
standard  connections;  methods  of  framing  and  detailing  structural  work;  beams; 
columns;  plate  girder;  roof  trusses;  bridge  details;  (b)  Machine  drafting — Work- 
ing drawings;  tracing  and  blue  prints  of  machine  details;  boiler  and  engine-room 
layouts,  etc. 

Pre-requisite:    Drafting  1-2,  3-4. 


ECONOMICS 

2 — 3  hours.    Professors  Seager  and  Agger  and  Mr.  Anderson. 

Cntroduction  to  Economics.  Lectures,  reading  and  text-book  discussion.  In 
this  course  the  fundamental  principles  of  economics  are  studied  with  particular 
reference  to  their  application  to  current  economic  and  social  problems  in  the 
United  States,  and  with  special  regard  to  the  needs  of  students  in  engineering. 
Third-year  students  in  Electrical  and  fourth-year  students  in  Mechanical  Engi- 
neering. 
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ELECTRICAL  ENGINEERING 

2 Elements  of  the   Dynamo.     2  hours.     Professors   Arendt  and 

Morecroft,  Messrs.  Hehre  and  Mason. 

A  general  consideration  of  the  principles  and  parts  of  Dynamo  Electric  Ma- 
chinery. History,  definition  of  dynamo  and  motor,  reversibility  of  functions, 
magnetic  field,  magneto-motive-force,  hysteresis,  elementary  dynamo,  generation 
of  e.m.f.,  collector  rings  and  commutator.  Parts  of  the  dynamo;  the  magnetic 
circuit,  materials  and  function.  The  armature  core:  materials,  eddy  currents, 
forms,  construction.  The  armature  winding:  material,  function,  multiplication  of 
electro-motive-force,  types.  The  commutator:  materials  and  construction.  Brushes: 
function,  materials  and  supports.  Field  frame:  materials,  forms,  development  of 
magnetic  flux,  windings,  magnetic  leakage.  Armature  reaction:  cause  of,  back 
and  cross  ampere  turns,  brush  shifting,  sparking  at  brushes  and  remedies.  Action 
of  different  types  of  dynamos,  and  typical  forms.  Text-book:  Crocker  s  Electric 
Lighting,  Vol.  I. 

Pre-requisite:    Physics  3-4. 

4— Electric  Distribution.  2  hours.    Professor  Arendt  and  Mr.  Hehre. 

Principles  and  Methods  of  transmitting,  distributing  and  controlling  direct  cur- 
rents. Introductory,  direct  current  series  and  parallel  systems,  feeders  and  mains, 
voltage   regulation,    networks,   high   tension    d.c.    systems. 

Principles  of  alternating  currents,  self  and  mutual  inductance,  capacity,  imped- 
ance, effective  values  of  current  and  voltage,  phase  angle  and  power  factor.  Text- 
book:  Crocker's  Electric  Lighting  .Vol.   II. 

For  E.M.,  C.E.,  M.E.,  Met.E.,    Chem.E.  and  San.E.  students. 

Prerequisite:  Phys.  5  and  E.  E.   2. 

52 — Design  of  Direct-Current  Machinery.  2  hours  and  1  afternoon. 
Professor  Arendt. 

Application  of  electrical  and  mechanical  theory  to  the  design  and  calculation  of 
D.  C.  machinery  with  a  complete  and  original  design  of  a  dynamo  or  motor  in 
accordance  with  specifications,  requiring  all  calculations  and  working  drawings. 
Text-book:  Thompson's  Design   of  Dynamos. 

Pre-requisite:   Phys.   5  and  E.   E.  2.     Parallel  course:   E.  E.  173-174. 

54— Design  of  Alternating-Current  Machinery.  2  hours  and  1  after- 
noon.   Professor  Slichter. 

The  application  of  alternating  current  theory  and  practical  data  to  the  calcula- 
tion and  design  of  alternators,  transformers,  induction  motors  and  other  alternat- 
ing current  apparatus.  Reference  books:  Arnold's  Wechselstromtechnik;  Thomp- 
son's Dynamo  Electric  Machinery,  Vol.  II,  and  McAllister's  Alternating  Current 
Motors. 

Pre-requisite:  E.  E.  52  and  Mechanics  108.     Parallel  course:  Mechanics  110 
and  E.  E.  175-176. 

72— Direct- Current  Laboratory.  1  hour  and  1  afternoon.  Mr. 
Hehre  and  Mr.  Mason. 

Short  Course  for  students  in  Mining,  Metallurgical,  Civil,  Chemical  Engineering 
and  Chemistry.  The  experiments  cover  the  following:  Fall  of  Potential,  Resistance 
determinations,  Study  of  various  types  of  D.  C.  generators,  their  connections  and 
characteristics  of  operation.  Working  of  generators  in  parallel.  Study  of  various 
types  of  motors,  their  connections,  characteristics  of  operation  and  determination 
of  commercial  efficiency  by  brake  tests.  The  results  of  these  experiments  are 
handed  in  as  reports  which  are  returned  promptly  to  the  students,  with  comments 
and  corrections.     Text-book:  Sever's  Electrical  Engineering  Experiments,  etc. 

Pre-requisite:     Phys.  5,  43   or  44  and  E.   E.  2. 

73— Direct-Current  Laboratory  Work,     i  afternoon.    Mr.  Hehre. 

Short  course  for  students  in  Mechanical  Engineering.     Same  as  72. 

Pre-requisite:    Phys.  5,  43  or  44  and  E.  E.  2  with  parallel  course  E.  E.  101. 
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75-Alternating-Current  Laboratory.    1  hour  and  1  afternoon.    Pro- 
fessor Morecroft  and  Assistants 

Pre-requisite:   E.  E.  72  or  73  and  4  or  104. 

*  76— Alternating-Current  Laboratory.    1  hour  and  1  afternoon     Pro- 
fessor Morecroft  and  Assistants.  °"       ro 

Short  course  for   Civil  Engineers.     Same  as  75. 
Pre-requisite:   E.  E.   4  and  72  or  73. 

98— Thesis.  Original  investigation  of  and  report  on  some  problem 
of  Electrical  Engineering,  approved  of  by  the  head  of  the  department. 
Optional. 

101— Generator  and  Motor  Practice.  3  hours.  Professor  Slighter 
and  Mr.  Hehre. 

A  course  of  lectures  parallel  to  and  descriptive  of  D.  C.  laboratory  work  Short 
circuits  and  protective  devices.  Instruments:  construction  and  use.  Armature 
™^£,.C*«re2.*  resistance  of,  voltage  drop  in,  windings  and  connections  Com- 
mutator:  function,  construction,  heating,  spark  ng,  collecting  brushes ;  and  holder^ 
Magnetic  circuit:  calculation  of  flux  and  field  windings .  *  Heating  of  field  and 
S?ulatfo„  SSS^SS  0ffthet.vari0uf  ^Pes  of  generators'  and  me  ds  of 
^2  ™-  Motors,  theory  of  action  and  types.  Methods  of  control  and  sneed 
regulation  Losses  and  determination  of  efficiency  by  brake  stray  00 wer  and 
pumping  back  methods.  Text-books:  Crocker's  WlectHc \ Lighting  Vo?  !  and 
Sever-Townsend's  Laboratory  and  Factory  Tests  in  Electrical  Engineering.  ' 
Prerequisite:    Fhys.  5  and  E.  E.  2. 

103— Electric   Motors.     3  hours.     Professor  Arendt. 

riSLS."^     rElectric  motors,  their  action,  control  and  application      Introductory 
Classification  of  work  requirements.      Shunt  Motors:    Characteristics    oredetermina" 

neTd  werkenrne^muhinr^'HT^110^  °,f,  SPCed  C°ntro1  *"d  < SS&S  *£SS£ 
Sir  rorPg;tir  ?/^lta?e,^d°uble,  armature  and  teaser  system.  Series 
rheostatic  fiefd  wSnW dejerm,lnatlon  cf  characteristics  and  efficiency,  control: 
characteristic^  «2fSSSS.d)rfble  f"latUAe,  and  ^edes  paralIeL  Compound  motor, 
Commutator  A  C  ™S h°ds  °f-  contl\o1-  Alternating  current  motors  introductory 
commutator  A  C.  motors,  series  and  repulsion  types,  characteristics  and  control 
Synchronous  Motors,  characteristics  and  control Inductior Motors  single  and 
polyphase,  characteristics,  methods  of  starting,  speed  control  and  Slaff  Elec- 
tric Drive,  advantages  of  and  application  to  machine  tools,  cranes ;  elevators 
ErCrock^nd  Arendt?°d  ™Mag  *«*  ""  WOrk'  TeXt"book  «^e2^mSS. 
Pre-requisite:    E.   E.   104,  173  and  174.     Parallel  course:   E.   E.   175-176. 

103A— Electric  Motors.     2  hours.     Professor  Arendt. 

^^A^^ts^^a'   C°ntr01    3nd    W^™-     *»    abridged    for    Me- 
Pre-requisite:    E.   E.  4  and  73.     Parallel  course:  E.   E.  75. 
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104— Electric  Distribution.   3  hours.     Professor  Slichter. 

Principles  and  methods  of  transmitting,  distributing  and  controlling  direct  and 
alter  "ung  currents.  Introductory,  Physical  properties  of  conductors  direct- 
Current  series  and  parallel  systems  of  distribution,  feeders  and  mains,  voltage  regu- 
lation   three- wire  systems,  high   voltage  direct-current  systems,   network  systems. 

PHnc  pies   of   alternating  currents,   study   of    wave   shapes,    inductance,    capacity, 

ohase    ar-le     effective    values    of    electromotive    force    and    current,    power    factor, 

rSancef simple  circuits,  parallel  circuits    line  inductance  and -distributed ■*»«*£. 

calculatioA  of  single  phase  circuits.    Text-book:  Crocker's  Electric  Lighting,  Vol.  11. 

Pre-requisite :  Phys.  5  and  E.  E.  2. 

105— Alternating-Current  Engineering.  3  hours.  Professor 
Slichter. 

Electric  power  systems,  including  translating,  controlling  and  transmitting  equip- 
ments Constant  potential  and  constant  current  transformers,  principles,  efficiency 
regulation  and  protection.  Polyphase  systems  of  generation,  two  phase  and  three 
phase,  economy  of  generators,  of  transmission,  and  conversion  from  one ^^m  \o 
another  Calculation  of  alternating  current  transmission  lines,  regulation  of  volt- 
aSe  and  power  factor  of  systems.  Switch-boards,  materials  apparatus  used  upon 
hfcatkm  and  types.  Line  construction  and  protection  pole  lines  cable  and  conduit 
systems.     Text-book:    Crocker's  Electric   Lighting,   Vols.   I  and   II. 

Fre-requisite:    E.  E.   101   and  104.     Parallel  course:    E.   E.  175-176. 

105A— Alternating-Current  Engineering.  2  hours.  Professor 
Slichter. 

105  abridged    for   Mechanical    Engineering    students. 

Pre-requisite:    E.  E.  4  and  101.     Parallel  course:    E.  E.  75. 

106— Electric  Plants.  2  hours.  Professors  Slichter  and  Arendt 
and  special  lecturers. 

Management  of  electric  plants  and  industrial  enterprises.     B^ec^illtunfaation, 
methods    of   charging    for    electric    power,    operating  expenses,    sources    of   income, 
organization   and   administration    of    corporations,    reports,    specifications,    contracts, 
insurance  regulations,   patents   and  statistics. 
Pre-requisite:  E.  E.  104. 

107-108— Plant  Inspection.  3  hours.  Professors  Slichter  and 
Arendt. 

Pre-requisite:     E.   E.   104,  173-174.     Parallel  course:     E.   E.   105  and   106. 

109-110— Telegraphy  and  Telephony.   1  hour.      Professor  Arendt. 

The  principal  methods  and  instruments  employed  in  telegraphy,  telephony  and 
electricsignalling.  Telegraphy:  Historical  review  Morse  sys terns,  re  lays  ^d 
sounders,  earth  circuits,  station  equipments  repeaters  differential  and  poiamea 
relays,  duplex  systems,  quadruplex  systems,  telegraphy  from  moving  bodies,  record- 
ing systems,  submarine  cables  and  telegraph  circuits.  Wireless 'telegraphy:  Genera- 
tion of  electrical  waves,  simple  transmitting  and  receiving  apparatus  Telephony. 
Historical  review,  Bell's  work,  the  magneto-telephone,  the  microphone  and  carbon 
transmitters,  use  of  induction  coils,  call  methods  series  and  paralle  circuits  sub 
scriber's  equipment,  line  disturbances,  common  battery  systems  subscriber  s  and 
exchange  equipment,  party  lines,  automatic  systems,  combined  telegraphy  and 
telepnony.  Textbooks:  Mayer's  American  Telegraph  Practice  and  Miller's  Amen- 
can  Telephone  Practice. 

Pre-requisite:    E.  E.  104. 

112— Electric  Railway.    2  hours.     Professor  Slichter. 

Special  instruction  in  calculation,  installation  and  operation  of  electric  railway 
systems.  Historical  review  and  early  development.  Train  resistances  due  to 
tracks  and  bearing  surfaces,  curves,  grades  and  air.  Acceleration  and  breaking. 
Speed  time  curves.  Motors  for  railway  work  Controllers.  Distribution  systems, 
track  construction,  bonding  and  electrolysis.  Trucks,  wheels  and  car  hodies.  Con 
duit,  storage  batterv  and  third  rail  systems.  Electric  locomotives  and  multiple 
unit  control.  Testing  railway  equipments.  Financial  considerations. 
Pre-requisite:  E.  E.   104  and  173-174. 
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1 12 A— Electric  Railway.     2  hours.     Professor  Slichter. 

112  abridged  for  Civil  Engineers. 
Pre- requisite:   E.  E.  4  and  72. 

173-174 — Direct-Current  Laboratory.  6  hours  (2  afternoons).  Mr. 
Hehre. 

1.  Practice  in  the  accurate  use  of  voltmeters  and  ammeters  for  the  measurement 
of  electromotive  force  and  current.  Determination  of  resistance  of  the  electrical 
circuits  of  electrical  machinery  by  "drop,"  comparison  and  direct  deflection 
methods.  Use  of  Wheatstone  bridge  for  determination  of  high  resistance.  2.  Gen- 
erators: Preliminary  study  to  bring  out  relations  between  speed,  field  strength  and 
voltage.  Operation  of  shunt,  series  and  compound-wound  generators  with  deter- 
mination of  characteristic  action  of  each  type.  Distribution  of  potential  around 
commutator  and  distorting  effects  due  to  armature  reactions.  Heat  runs  to  deter- 
mine load  capacity  and  efficiency  determinations  by  means  of  stray  power  and 
"pumping  back"  tests.  3.  Motors:  Function  and  operation  of  starting  boxes,  study 
of  motors,  existence  and  measurement  of  c.e.m.f.,  operation  of  shunt,  series,  com- 
pound and  differentially  wound  motors,  determination  of  speed-load  curves  of 
each  type.  Efficiency  tests  by  brake  and  stray-power  methods.  4.  Operation  of 
shunt  and  compound-wound  generators  in  parallel,  methods  of  connecting,  distribu- 
tion of  load,  effects  of  individual  differences,  etc.  5.  Constant  Current  Dynamos: 
Comparison  or  characteristics  of  constant  potential  and  constant  current  circuits, 
methods  of  governing  constant  current  machines,  action  under  variable  loads, 
control  of  series  circuits,  regulation  of  arc  lamps.  Text-book:  Sever  and  Town- 
send's  Factory  and  Laboratory  Tests  in  Electrical  Engineering. 

Pre-requisite:    Phys.  5,  43  or  44  and   E.   E.  2.     Parallel  course:   E.    E.   101. 


175-176 — Alternating-Current  Laboratory.  1  hour  and  6  hours  lab- 
oratory practice  (one  whole  day)  first  term,  1  hour  and  6  hours  lab- 
oratory practice  (2  afternoons)  second  term.  Professor  Morecroft 
with  Assistants. 

1.  Alternating  current  circuits:  determination  of  inductance,  capacity,  impedance, 
phase  relations,  true  and  apparent  watts  and  power  factor.  2.  Alternators:  opera- 
tion at  different  power  factors,  magnetization  curves,  determination  of  losses  and 
synchronous  impedance,  field  compounding,  etc.  3.  Synchronous  Motors:  Methods 
of  synchronizing,  efficiency,  action  under  varying  conditions  of  load  and  field 
current.  4.  Rotary  converters:  Methods  of  starting,  operation  direct  and  inverted, 
compounding,  determination  of  voltage  ratios  and  calculation  of  efficiency. 
5.  Alternators  in  Parallel:  division  of  load,  cross  currents  and  adjustment  of 
excitation  for  maximum  economy.  6.  Transformers:  operation,  determination  of 
losses,  regulation,  heating  and  efficiency.  Use  as  induction  regulators  and  phase 
changers.  7.  Wave  Forms:  determination  of  wave  shapes  and  phase  relations  of 
electromotive-force  and  current  in  relative  and  non-relative  circuits  as  well  as  in 
the  primary  and  secondary  circuits  of  transformers  by  instantaneous  contact  and 
oscillograph  methods.  8.  Resonance:  by  means  of  inductance  and  capacity  in 
series,  by  inductance  and  leading  current  produced  by  synchronous  motors,  with 
application  to  transmission  lines  and  rotary  converter  regulation.  9.  Induction 
Motors:  methods  of  starting,  characteristic  curves,  determination  of  losses  and 
efficiency  by  brake  tests,  application  of  circle  diagram  and  use  as  frequency 
changer.  10.  Induction  Generator:  operation  and  determination  of  the  external 
characteristic.  Text-book:  Sever  and  Townsend's  Factory  and  Laboratory  Tests 
in  Electrical  Engineering. 

Pre-requisite:   E.  E.   104  and  173-174.     Parallel  courses:   E.   E.   103  and  105; 
Mech.  109  and  110. 


177 — Instrument  Laboratory.   1  hour  and  2  afternoons.  Mr.  Mason. 

1.  Calibration  of  ammeters  by  comparison  with  laboratory  standards.  Kelvin 
balances,  Siemens'  dynamometers,  and  potentiometers.  2.  Calibration  of  volt- 
meters. 3.  Calibration,  adjustment  and  determination  of  constants  of  A.  C.  and 
D.  C.  watt-hour  meters,  by  various  methods.  4.  Determination  of  resistances:  by 
Wheatstone   bridge   and   potentiometer   methods.      5.    Measurements   of    Inductance 
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and  capacity,  a.  By  comparison  with  standards  using  A.  C.  bridge,  b.  By  abso- 
lute method,  including  determination  of  constants  of  ballistic  galvanometer  6  Mag- 
netic measurements.  Determination  of  coefficient  of  magnetic  leakage  of  generator 
or  motor.  Determination  of  the  permeability  of  samples  of  iron  and  steel,  a.  By 
Hopkinson  s  method,  b.  By  Ewing  double  bridge  method,  c.  A.  C.  voltmeter 
method,  d.  Direct  reading  voltmeter  method.  Determination  of  Hysteresis  by 
Hopkinson  s  Double  bridge.  Voltmeter  and  Ewing  tester  methods.  7.  Storage  Bat- 
tery lesting.  Determination  of  normal  rate  of  discharge,  capacity  and  efficiency 
at  normal  rates,  capacity  at  various  rates.  Constant  current  and  constant  potential 
methods  of  charging,  weight  efficiency  and  losses  on  standing.  8.  Photometry. 
a.  Proving  gas  meters  and  determination  of  candle  power  of  gas  against  standard 
candles  &  Candle  power  incandescent  lamps  using  standard  candle,  c.  Distribu- 
tion of  light  from  an  incandescent  lamp,  using  secondary  standard,  d.  Determina- 
tion of  mean  spherical  and  mean  hemispherical  candle  power  of  an  incandescent 
lamp,  e  Relations  between  voltage,  candle  power,  efficiency  and  life  of  incan- 
descent lamps.  Arc  lamp  photometry.  9.  Cable  Testing,  a.  To  determine  insula- 
tion resistance;  induction  and  capacity,  b.  To  determine  location  of  faults.  Text- 
book: bever  and  Townsend  s  Factory  and  Laboratory  Tests  in  Electrical  Engi- 
neering. ** 

Prerequisite:    E.  E.    173-174. 

Graduate  Courses 

101,  104  and  173-174— Dynamo  and  Motor  Practice,  Electrical 
Distribution  and  D.  C.  Electrical  Laboratory.  3  hours  and  6  hours 
laboratory. 

Prerequisite:  Phys.  5,  43  or  44  and  E.  E.  2. 

175-176— Alternating-Current  Laboratory.  With  Mechanics  109 
and  no.  5  hours  first  half-year,  4  hours  second  half-year  and  2  after- 
noons. 

Prerequisite:    E.  E.  104,  173-174.  and  Mechanics  108. 

103,  105,  106,  175-176  and  177— Electric  Motors,  Alternating  Cur- 
rent Engineering  and  Electric  Plants,  and  Electrical  Laboratory. 
8  hours,  4  afternoons  first  half-year;  3  hours,  2  afternoons  second  half- 
year. 

Pre-requisite:    E.  E.  104,  173-174. 


GEOLOGY 

4— Petrography.    2  afternoons  two  months  of  the  second  half  third 
year.     Professor  Berkey. 

A  short  course  in  the  microscopic  study  of  rocks. 
Pre-requisite:    Mineralogy  6. 

5_&— General  Geology.     3  hours  lectures,  second  year.     Professors 
Kemp  and  Berkey. 

«,Fk!1  half-year  physical  geology,  with  practical  work  in  the  rock  collections  under 
«£«il» hol?eical.part  of  the  subject;  second  half-year,  stratigraphical  and  historical 
Itn  ™7'  '^l  t?  laboratory  work  with  type  fossils  and  collections  illustrating  the 
fltfuction^o  G?Sy.  ^  Text"books:  KemP>s  Hand-book  of  Rocks;  sfott's 
Pre-requisite:    Mineralogy  1. 
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16 — Index  Fossils.  1  hour  lecture,  8  hours  laboratory,  second  term. 
Professor  Grabau  and  Mr. 

A  study  of  the  invertebrate  fossils  characteristic  of  the  various  geologic  horizons 
of  North  America. 

18 — General  Geology.    Professor  Berkey. 

A  general  discussion  of  dynamical,  structural  and  historical  geology,  with  prac- 
tical work  in  the  rock  collections  and  assigned  field  work  on  Saturdays  during  the 
last  six  weeks.  Special  course  during  the  second  half-year  for  students  in  Civil 
Engineering  only. 

19 — Physiographic  and  Applied  Geology.  3  hours  lectures  and 
laboratory  by  appointment,  first  term.    Professor  Berkey. 

A  study  of  topographic  and  structural  features  and  their  representation  on  maps; 
application  of  geologic  principles  to  engineering  enterprises;  water  supply;  illus- 
trative problems.  Open  to  students  who  have  completed  a  course  in  general 
geology. 

20 — Rocks  and  Soils.  2  hours  lectures  and  recitations,  second  term. 
Professor  Berkey. 

A  study  of  the  residuary  products  from  rock  decay;  types  of  soils;  soil  classifica- 
tion and  mapping.  Open  to  students  who  have  completed  a  course  in  general 
geology. 

51 — Principles  of  Geology.  2  lectures  per  week.  Professors  Grabau 
and  Berkey. 

Principles  of  the  formation  of  sedimentary  deposits,  involving  a  discussion  of 
marine  and  continental  sedimentation,  the  criteria  by  which  various  sediments  can 
be  recognized,  methods  of  preservation  of  organic  remains,  and  the  principles  of 
geographic  and  geologic  distribution  of  organisms.  Principles  of  correlation.  Text- 
book: Grabau's  Principles  of  Stratigraphy. 

52 — Principles  of  Geology.  2  lectures  per  week,  second  term.  Pro- 
fessors Grabau  and  Berkey. 

A  discussion  of  secondary  structural  features;  principles  of  formation  of  folds, 
faults,  etc.     Vulcanism,  metamorphism,  secondary  mineralization. 

105-106 — Economic  Geology.  3  hours  lectures  and  one  elective 
conference,  third  year.     Professor  Kemp. 

First  half-year,  discussion  of  the  general  features  and  formation  of  ore  bodies, 
followed  by  a  description  of  the  deposits  of  the  ores  of  iron,  copper,  lead,  zinc, 
silver,  gold,  and  the  lesser  metals,  with  especial  reference  to  North  America;  sec- 
ond half-year,  a  description  of  the  distribution  and  occurrences  of  coal,  petroleum, 
natural  gas,  asphalt,  building-stone,  water  supply,  salines,  and  minor  minerals. 
Text-book:  Kemp's  Ore  Deposits  of  the  United  States  and  Canada,  and  lecture 
notes  privately  printed. 

Pre-requisite:    Geology   5-6. 

107-108 — Invertebrate  Palaeontology.  2  hours  lecture  and  4  hours 
or  more  laboratory.     Professor  Grabau  and  Mr.  

First  part  of  the  course  deals  with  the  principles  of  palaeontology;  methods  of 
study  of  the  ontogeny  of  hard  parts  of  animals,  and  the  laws  of  morphogenesis. 
This  is  followed  by  a  consideration  of  the  classes  of  invertebrates  important  from 
a  paleontologist's  point  of  view,  emphasis  being  laid  on  the  features  which  show 
genetic  relationship.  Special  attention  is  given  to  groups  whose  evolution  has 
been  worked   out.     Text-book:   Zittel-Eastman,   Text-book   of  Paleontology,   Vol.    I. 
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no — Geological  Examinations  and  Surveys.  2  hours,  second  half 
fourth  year.     Professor  Kemp. 

A  discussion  of  the  methods  of  systematically  recording  and  interpreting  geo- 
logical phenomena,  with  illustrations  drawn  from  experience  in  mining  and  other 
branches  of  engineering;  and  of  the  organization  and  scope  of  geological  surveys 
on  a  larger  scale.  This  is  followed  by  a  sketch  of  the  history  and  results  of  state 
and  national  geological  surveys  in  this  and  other  countries;  and  of  other  sources  of 
detailed  information  regarding  local  geology. 

Pre-requisite:    Geology  105-106. 
112 — Field   Geology. 

A  summer  course  of  a  week  or  ten  days  near  New  York  for  students  in  the 
course  of  Mining  Engineering.  Graduate  students  in  the  department  may  join  the 
party.  Instruction  is  given  in  the  field  in  observing,  recording,  and  interpreting 
geological  phenomena  and  in  the  preparation  of  maps  and  sections.  A  written 
report  is    required. 

201-202 — Petrology.  2  hours  lectures  and  4  hours  laboratory,  fourth 
year.     Professors  Kemp  and  Berkey. 

A  discussion  of  the  origin,  microscopic  structure,  and  mineralogical  composition 
of  the  crystalline   rocks,   and  of   metamorphism. 

Pre-requisite:    Mineralogy  6. 

LAW 
Business  Law.    3  hours.     Professor  Kirchwey  and  Mr.  Whitaker. 

A  discussion  of  the  elementary  rules  of  law  governing  business  transactions, 
including  real  property,  contracts,  agency,  commercial  paper,  sales,  suretyship, 
bailments,  torts,  partnership,  corporations.  The  rules  of  law  are  developed  and 
illustrated  by  examples  taken  from  the  reports,  and  dealing  with  situations  such  as 
engineers  have  in  fact  met  and  are  apt  to  meet  in  the  practice  of  their  profession. 


MATHEMATICS 

1 — Algebra.  2  hours.  Professors  Fite,  Hawkes  and  Grove,  Mr. 
Siceloff,  Dr.  Reddick  and  Dr.  Lennes. 

Includes  such  topics  as  determinants,  complex  numbers,  the  theory  of  equations 
and  partial  fractions.      First  term. 

Pre-requisite:    Entrance  Mathematics. 
2 — Algebra.     Professor  Hawkes  and   Mr.  

Equivalent  of  1.      Second  term. 

3— Analytical  Geometry.  3  hours.  Professors  Fite  and  Hawkes, 
Mr.  Siceloff  and  Dr.  Lennes. 

Introduction  to  algebraic  geometry,  dealing  with  such  topics  as  co-ordinate 
systems,  transformations,  loci  and  their  equations,  the  straight  line,  circle,  para- 
bola, ellipse,  hyperbola,  the  geometric  interpretation  of  the  general  equation  of 
second  degree,   and  the   elements  of  three-dimensional  geometry.      First  term. 

Pre-requisite:    Entrance   Mathematics. 

4 — Analytical  Geometry.     Mr.  and  Dr.  Reddick. 

Equivalent  of  3.     Second  term. 
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64 — Calculus.  5  hours.  Professors  Mitchell  and  Fixe,  Mr.  Sice- 
loff,  Dr.  Reddick  and  Dr.  Lennes. 

p,.^11  introduction  constituting  with  65  (see  below)  one  course  in  the  calculus. 
Differentiation  of  algebraic  and  transcendental  functions,  with  applications  to 
geometry,   maxima  and  minima  and  mechanics.      Second  term. 

Pre-reauisite:   3  (or  4). 

65 — Calculus.  5  hours.  Professors  Keyser,  Fiske,  Maclay, 
Mitchell,  Fite,  Dr.  Grove  and  Dr.  Reddick. 

Continuation  of  64.  Further  study  of  the  differential  calculus;  the  principles  of 
the  integral  calculus;  applications  to  geometry,  physics  and  mechanics.  First  term 
of  second  year. 

Pre-requisite:   3   (or   4),    and  64   (or  67). 

67 — Calculus.    Professor  Grove  and  Dr.  Lennes. 

Equivalent  of  64.     First  term. 

68 — Calculus.     Professor  Grove  and  Dr.  Lennes. 

Equivalent   of  65.     Second  term. 


MECHANICAL   ENGINEERING 

11-12— Steam  Power  Machinery.  3  hours,  1  afternoon  in  the  second 
half  year.     Professors  Lucke,  Parr  and  Mr.  Gunn. 

Functions,  Forms  and  Principles  of  Operation  of  the  Typical  Steam  power  Plant 
Units,  Auxiliaries  and  Connecting  Elements — Methods  of  receiving,  storing  and 
firing  coal,  coal  handling  machinery,  grates,  stokers  and  furnaces  for  the  combus- 
tion of  coal;  smokeless  combustion  and  smoke  ordinances;  flow  of  gases  through 
boilers,  flues,  dampers  and  the  generation  of  necessary  draft  by  chimneys,  fans 
and  steam  jets.  The  construction  and  operation  of  boilers,  boiler  settings  and 
foundations.  Methods  and  apparatus  for  feeding  water  to  boilers,  necessary  boiler 
attachments  and  trimmings.  Flow  of  steam  from  boilers  to  engines  and  the  group- 
ing of  engines  and  boilers,  piping,  valves,  fittings  and  pipe  covering.  The  heating 
of  boiler  feed  water  in  feed  water  heaters  and  economizers.  Purification  of  boiler 
feed  water  and  effects  of  impure  water  on  the  boiler.  Boiler  strength  tests  and 
inspection  laws.  Boiler  explosions.  Steam  pipe  condensation  and  drainage.  Steam 
traps,  separators,  steam  superheating  and  superheaters.  Condensing  operation  of 
steam  engines  by  jet,  surface,  ejector  and  barometric  condensers.  Necessity  for 
and  types  of  circulating,  hot-well  and  dry  vacuum  pumps  and  cooling  towers. 
Typical  steam  engines  and  the  variations  in  form  and  character  of  their  important 
parts.  _  Engine  valves  of  simple  and  complete  form,  relation  between  construction 
of  engine  and  valve  gear  to  its  economy.  Special  valve  gears  for  high  economy, 
for  reserving  and  for  power  control.  Regulation  of  engines  and  engine  governors. 
Relation  between  engine  construction,  foundations,  vibrations  and  balancing.  Steam 
turbines.  Typical  steam  plant  arrangements  for  various  special  and  standard 
conditions. 

Prerequisite  course:  Physics  3. 

13-14 — Steam  Power  Machinery.  3  hours.  Professor  Lucke  and 
Mr.  Gunn. 

Short  course  adapted  from  M.  E.  11-12.  Second  year  Civil  and  Electrical;  Third 
year  Metallurgical,   Chemical,  and  Mining  Engineering;   Fourth  year   Chemical. 

Pre-requisite  course:   Physics  3. 
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17-18— Engineering  Thermodynamics.  2  hours.  Professor  Lucre 
and  Mr.  Gunn. 

Laws  of  Heat  Generation  by  Combustion,  Heat  Transfer  and  Transformation  into 
Work — Relation  between  temperatures  and  quantities  of  heat.  Units  of  heat. 
Effect  of  heat  on  solids,  liquids,  gases  and  vapors.  Laws  of  heat  transfer.  Laws 
of  surface  evaporation,  ebullition  and  condensation.  Properties  of  saturated  and 
superheated  vapors.  Combustion  of  fuels,  calorific  power,  quantities  of  air  for 
combustion.  Temperature  of  combustion.  Boiler  efficiency  and  conditions  affect- 
ing. Principles  of  chimney  draft.  Laws  of  expansion  and  compression  of  gases. 
Work  and  heat  diagrams  to  pressure  volumes  and  temperature  entropy  co-ordinates. 
Air  and  wet  vapor  compression.  Expansion  of  steam  by  hypothetic,  adiabatic  and 
saturation  laws  and  application  to  steam  engine  efficiency.  Missing  water  in 
steam  engines.  Influence  of  cylinder  condensation,  re-evaporation,  steam  jackets, 
initial  superheat,  compounding  and  reheating  on  steam  engine  efficiency.  Relation 
of  boiler  and  engine  performance.  Free  expansion  laws  and  application  to  injector 
and  steam  turbine  nozzles.  Heat  transformation  by  perfect  gases.  Hot  air,  gas 
and  oil  engine  efficiency.  Mechanical  refrigeration.  Effects  of  evaporation  of 
ammonia  and  carbonic  acid  and  expansion  of  air.  Heat  balances  and  combined 
efficiency   of   complex   systems. 

Third  year  Mechanical,  Electrical,  and  Civil  Engineering;  Third  year  Mining 
Engineering  for  first   term. 

Pre-requisite  courses:    Mechanics   102;   M.   E.   11-12  or   13-14. 

19-20 — Engine  Design.  3  hours  and  3  afternoons.  Professors 
Rautenstrauch  and  Thomas. 

Advanced  Machine  Design  Based  on  the  Thermal  and  Mechanical  Problems  In- 
volved in  the  Design  of  a  Steam  Engine  for  Power,  Economy  and  Regulation — 
Determination  of  ideal  indicator  card,  probable  M.E.P.,  piston  speed,  R.P.M.,  and 
displacement  for  required  power,  selection  of  single  or  multiple  expansion  con- 
struction from  economy  requirements,  limits  of  clearance,  cutoff,  release,  com- 
pression and  admission  for  type  of  valve  gear  selected.  Stresses  due  to  steam  and 
inertia  in  the  principal  parts.  Forms  and  proportions  of  the  parts  determined  by 
intensity,  distribution  and  nature  of  the  stresses,  properties  of  the  materials  and 
conditions  affecting  maintenance.  Determination  of  proportions  of  engine  parts. 
Design  of  fly-wheels  for  limiting  variation  in  velocity  and  analysis  of  resulting 
angular  variation.  Balancing  the  engine.  Valve  gears  and  governors,  determina- 
tion of  the  proportions  of  the  valve  for  predetermined  steam  distribution,  analysis 
of  valve  movements  and  moving  gear.  Graphic  representation  of  the  simultaneous 
events  of  valve  opening,  steam  velocities  and  piston  velocities.  Analysis  for  the 
effect  of  the  angularity  of  the  rod.  Equalizing  the  events  of  the  valve.  Analysis 
of  the  characteristics  of  the  shifting  eccentrics  and  the  resultant  variations  in  the 
valve  events.  Layout  of  the  Corliss  valve  gear  with  single  and  double  eccentric, 
and  proportions  of  the  mechanism.  Steam  engine  governors,  flyball  and  shaft 
governors,  limits  of  movement,  valve  gear  resistance.     Proportions  of  the  governor. 

Fourth    year    Mechanical   Engineering. 

Pre-requisite  courses:  M.  E.  39,  40,  11,  12,  17-18. 

22 — Gas  Power  Machinery.  4  hours  and  1  afternoon.  Professors 
Lucre,  Parr  and  Mr.  Gunn. 

Theoretical  and  Practical  Consideration  Affecting  the  Generation  of  Power  by 
Gas  Engines,  Including  Oil  Vaporization,  Coal  Gasification  and  the  Design  of  the 
Machinery — Efficiency,  M.E.P.,  displacement  per  minute  per  I.H.P.  for  reference 
diagrams.  _  Limitations  of  external  and  internal  heating.  Methods  of  explosive  and 
non-explosive  internal  heating.  Properties  of  explosive  gas  mixtures,  air  necessary, 
calorific  power  per  cu.  ft.  of  mixture;  temperature  of  combustion,  heat  suppression, 
efficiency  of  combustion,  pressure  and  volume  effects,  limitations  of  proportions, 
temperature  of  ignition,  rate  of  propagation,  the  explosive  wave.  Critical  exami- 
nation of  modern  gas  engine  forms  and  functions  of  parts;  means  for  mixing  and 
proportioning,  pressure  regulators,  ignition;  governors,  effects  on  the  engine  and 
mechanism ;_  starting  equipment ;exhaust  piping  and  muffling;  effects  of  back  pressure 
in  the  engine;  cooling;  preignition,  effect  of  cooling  on  economy.  Large  blast 
furnace  practice,  methods  of  gas  cleaning;  blast  furnace  gas,  quality.  Large  engine 
construction,  and  forms  of  parts.  Producer  gas  practice;  standard  producer  for 
anthracite  and  bituminous  coal,  characteristics;  gas,  variation  in  quality,  effects 
on  the  engine;  methods  of  blasting  producers,  auxiliary  steam  supply  and  steam 
consumption;    efficiency   and    rate    of    combustion    in    producer;    scrubbers    and    tar 
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fourth    year    Mechanical    Engineering. 
Pre-requisite  courses:   M.   E.    19,  33. 

25— Steam  Power.    3  hours  and  2  afternoons.    Professor  Lucre  and 
Mr.  Gunn. 

steam  iSt  S^flm  ni  ♦  al  «rclat,on  between  processes  and  dimensions  of  the 
nW  *£?  'if'  ^  Flant  refinements  for  raising  efficiency  of  part  or  complete 
Pf^and  relations  betxYeen  dimensions  and  effect.     Use  of  unit  costs  of  aooTratus 

Dov;erimaFinv?'f1eXarnat,0n.-0f  C°uSt  Sheets  to  determine  prince  unit  of  cost.  Tost  of 
Kf  ^^ed  anj  0Peratln8  charges,  ratio  of  each  individual  item  to  total  and 
effect  of  labor  and  fuel  rates,  load  factor  and  refinements  on the  fractional  part 
rhJrn^ f nr,efinements  of  destgn  on  basis  of  capitalized  annual  savfng  by compaS 
the  cost  of  waste  and  the  cost  of  its  elimination,  including  all  charges  Soecific"? 
tions  and  contracts;  standard  and  special  methods  and  forms  for  defining  n  ' 
%£&   rTir-em-entS   an,d   buil-der's    Proposals,    contracts,    ml hod of  power8  plant 

?£ lSn!T  andi  ^eCtmg  offic-e  organization    and   field  systems*  P 

draftfne room  nr^V^  l**!"*  °U/  a  -S,^ple  power  plant  for  assigned  units  in  the 
llhilfnflf,;^6  detailing  of  existing  general  plant  drawings,  preparation  of 
laho  •  IrJ ,2 "SSV  e/tlmatinS  the  fiVst  Z05*'  fixed  charges,  probable  coal,  water, 
labor  and  supply  cost  for  an  assumed  load  curve  and  total  power  cost.  The  plants 
of  too^  ?J„tde«ilei?  "5  excha"ged  by  indents  and  redesigned  for  an  increase 
of    100  per   cent,    peak   and    50   per  cent,    mean    daily   load   and    for   the    maximum 

DeWSoSftthSUC?(°Vby  thVS?  °f  -Plant  r-efinements  and  auxiliaries  wheTit  can 
be  shown  that  additions  and  alterations  will  pay.  Specifications  are  written  for 
the  alteration  and  proposals  submitted. 

Fourth    year    Mechanical    Engineering. 

Pre-requisite  courses:   M.   E.   96S. 

31-32— Standard  Tests  and  Research  Methods.  1  hour  and  1  after- 
noon.   Mr.  Thurston. 

Laboratory  methods  for  the  determination  of  experimental  data.  Derivation  of 
physical  laws  from  experimental  results— Comparison  of  actual  performance  of 
machines  with  computed  prediction  and  evaluation  of  unknown  elements.  Methods 
of  approach  for  the  solution  of  practical  problems  by  experiment  and  computation. 
The  work  is  illustrated  by  problems  on  the  flow  of  liquids,  gases  and  vapors, 
combustion,  transfer  of  heat,  steam  generation  and  changes  of  state,  transformation 
of  energy,  power  generation  and  transmission,  energy  losses,  thermal,  hydraulic 
and  mechanical.  For  each  problem  a  preliminary  report  is  submitted  before  the 
test,  involving  the  analysis  of  the  problem,  the  attempted  prediction  and  the  re- 
quired test  log  based  on  class-room  explanations;  this  is  incorporated  with  the 
tests  results  and  an  interpretation  of  differences  between  these  and  the  prediction 
including  judgment  of  errors,  to  constitute  the  final  report.  The  apparatus  for  this 
course  includes:  Pressure  gauges,  manometers,  thermometers,  pyrometers,  indi- 
cators, tachometers,  planimeters,  barometers,  weirs,  channels,  nozzles  and  orifices 
for  water,  steam  and  air,  Pitot  and  Venturi  tubes,  steam,  gas  and  water  piping  and 
meters  dynamometers,  power  scales,  viscosimeters,  flue  gas  apparatus,  steam  traps, 
hydraulic  ram,  steam  injectors,  air  pump,  hot  air  engine,  duplex  steam  pumps, 
Pelton  wheel,  centrifugal  pump,  simple  steam  engine.  Texts:  Experimental  Engi- 
neering— Carpenter,  Experimental  Engineering — Pullen,  Lecture  Notes. 
Third   year  Mechanical   Engineering. 

Pre-requisite  courses:  M.  E.  11-12.     Courses  which  are  parallel  to  it:  M.   E. 
17-18  and   Mechanics   105. 

33— Standard  Tests  and  Research  Methods  (Continuation  of 
Course  31-32).  2  hours  and  1  afternoon.  Professor  Parr  and  Mr. 
Thurston. 

The  work  of  this  course  is  the  same  in  nature  as  31-32,  but  the  problems  involve 
more  difficult  computations  and  more  skilful  manipulation  of  the  apparatus.  These 
problems    are    principally    concerned    with    energy    transformation,    necessary    and 
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accidental  losses  and  the  determination  of  the  conditions  affecting  performance  of 
compound  and  triple  expansion  steam  engines  and  pumps,  operating  condensing  and 
non-condensing,  with  and  without  receivers,  with  and  without  reheaters.  Hydraulic 
motors,  one,  two  and  three  stage  air  compressors,  with  and  without  intercoolers, 
feed  water  heaters,  fans,  steam  boilers,  ammonia  refrigerating  machines,  steam 
superheaters  and  condensers.  Attention  is  also  given  to  the  commercial  tests 
standardized  by  the  Engineering  Societies. 

Fourth    year    Mechanical    Engineering. 

Pre-requisite  courses:  M.   E.  31-32;   M.   E.  96S;  M.   E.   17-18. 

35-36 — Kinematics  of  Machinery.    1  afternoon.    Professor  Thomas. 

Determination  of  Paths  of  Motion,  Velocity.  Acceleration  and  Kinetic  Forces  of 
the  Moving  Parts  of  Machines  with  the  Resulting  Reaction  Forces  of  the  Frame — 
Relative  motions  of  machine  parts  and  the  determination  of  the  rates  of  motion. 
Determination  of  space,  velocity  and  acceleration  diagrams  with  application  to  the 
steam  engine,  shaper  and  other  standard  mechanisms.  Construction  and  use  of 
diagrams  for  the  determination  of  inertia  forces  and  their  distribution  in  each 
element  of  a  machine.  The  layout  of  motions  to  specifications.  Design  of  cams 
with  special  reference  to  the  rate  of  change  of  velocity  of  the  moving  parts  and 
the  resultant  inertia  forces,  resistances  to  motion  and  the  continuous  contact  of 
cam  and  follower.  Analysis  of  link  work,  relative  motions,  inversions,  adaptability 
to  the  accomplishment  of  specific  kinds  and  limits  of  motion.  Eccentrics  and  links 
for  the  transformation  of  kinds  of  motion;  ratchet  motion;  running  ratchets. 
Clutch  and  coupling  mechanisms,  connecting  shafts  in  parallel  and  at  an  angle. 
Modification  to  permit  of  non-alignment.  Toothed  gearings.  Justification  of  the 
cycloidal  and  involute  curves  in  their  application  to  pear  teeth.  The  layout  of 
tooth  forms  and  the  determination  of  the  velocity  ratios.  Layout  of  bevel  gear 
tooth  forms  by  Tredgold's  method.  Approximate  methods  and  practical  rules  for 
the  layout  of  gear  teeth.  Determination  of  paths  of  contact,  obliquity  of  motion, 
length  of  teeth,  interferences  in  involute  gearing.  Determination  of  the  necessary 
conditions  for  interchangeability  in  sets  of  cycloidal  and  involute  gears  and  com- 
parison of  the  system.  Friction  gears.  Kinematics  of  belt  drive.  Open  and 
crossed  belts.  Layout  of  belt  drives  and  rope  drives,  sprocket  wheels  and  chain 
drives,  speed  changing  devices  using  wrapping  connections.  Text:  Kinematics  of 
Machinery — Durley. 

Second  year  Mechanical  and  third  year   Electrical  Engineering. 
Pre-requisite   courses   are   Math.    3-4   and    M.    E.    59. 

37 — Machine  Design.  1  hour,  2  afternoons,  first  half-year.  Pro- 
fessor Rautenstrauch. 

Adapted  from  M.E.  39-40. 

Fourth   year    Chemical   Engineers. 
Pre-requisite:     Drafting  7. 

3g-40 — Machine  Design.  1  hour,  2  afternoons,  first  half-year,  2 
hours,  2  afternoons,  second  term.     Professor  Rautenstrauch. 

Analysis  of  stress  in  machine  parts  of  standard  form  under  varying  conditions 
of  service  and  the  proportions  of  the  machine  elements  to  safely  resist  the  result- 
ing stresses — Application  of  the  principles  of  Kinematics,  Resistance  of  Materials. 
Design  of  Machine  Elements,  Shop  and  Foundry  Methods  to  the  design  and 
analysis  of  complete  machines.  Examination  of  machines  to  determine  the  nature 
and  distribution  of  the  forces  acting  on  and  the  resulting  stresses  and  strains^  in 
each  element  due  to  kinetic  and  structural  conditions.  Selection  of  working 
stresses  for  machine  parts  subject  to  steady,  repeated  and  reversed  stresses.  _  Selec- 
tion of  materials  for  machine  parts  based  on  their  adaptability  to  the  service  and 
to  the  shop  processes  by  which  the  part  must  be  made.  Determination  of  the 
proportions  of  machine  parts  subjected  to  tension,  compression,  and  shear;  bend- 
ing and  torsion;  combined  bending  and  tension,  bending  and  torsion,  torsion  and 
compression,  buckling  action,  and  stresses  due  to  eccentric  loading  and  complex 
supports.  Illustrated  in  the  design  of  crank  shafts,  machine  frames,  housings  and 
connecting  rods.  Gear  wheels,  pulleys,  flywheels,  springs,  riveted  joints,  thin  and 
thick  cylinders,  braces  and  stays,  flat  plate  members,  pressure  joints,  screws,  belt- 
ing, rope  and  chain  drives  for  power  transmission.  Bearing  surfaces,  flat,  cylindri- 
cal, pivot,  ball,  roller,  thrust.  Application  of  theory  of  elasticity  to  the  more 
complicated  elements.  Grouping  of  machine  elements  into  machines  for  functional 
operation,  erection,  adjustment,  maintenance  and  repair  and  modifications  de- 
manded by  facilities  for  manufacture.  Design  of  machines  to  specification,  with 
particular  reference  to  modern  requirements.  Text:  Spooner's  Machine  Design. 
Third  year  Mechanical  Engineers. 
Pre-requisite  courses:    M.    E.    36.      Must   parallel   C.    E.    53. 
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41 — Machine  Design.     1  hour  and  1  afternoon.     Professor  Thomas. 

A  short  course  adapted  from  M.  E.  39-40. 

Fourth  year  Civil  and  third  year  Electrical  Engineering. 

Pre-reauisite  courses:  C.  E.  53  for  C.  E.     Must  parallel  C.  E.  53  for  E.  E. 

46 — Water  Power  Machinery.    3  hours.     Mr.  Herrick. 

Principles  of  Design  and  Economy  of  Operation  of  Turbine  Wheels  and  Water 
Power  Plants — Action  of  water  on  curved  vanes,  forces  developed  and  effect  of 
impact,  work  done;  centrifugal  action.  Theory  of  reaction  turbines.  Vane  form 
and  arrangement;  total  work  done  for  axial,  radial  and  mixed  flow  wheels;  depend- 
ence of  velocity  of  flov\  on  speed  of  rotation;  losses  of  energy  due  to  friction  in 
guide  passages,  wheel  buckets  and  sluice,  shock,  leakage,  residual  velocity.  Design 
of  reaction  turbines;  relation  between  pressure  and  velocity  of  flow;  methods  of 
determining  passage  areas;  radii  of  wheels,  width  and  depth  of  buckets,  number 
and  thickness  of  vanes.  Axial  turbines,  characteristics,  forms  and  dimensions. 
Impulse  turbines;  essential  principles  and  theory,  advantages,  ventilation  of  bucket, 
velocity  of  flow,  available  energy,  efficiency.  Axial  <  impulse  turbines,  character- 
istics, forms  and  dimensions.  Centrifugal  action  in  axial  flow,  reaction  and 
impulse  turbines.  Radial  impulse  turbines,  inward  and  outward  flow;  forms,  char- 
acteristics and  dimensions.  Descriptions  of  and  experiments  with  turbines  of 
various  types.  Existing  water  power  plants.  Modern  governors  for  turbines;  ideal 
action  of  direct  acting  governor  and  disturbing  influences;  essential  principle  of 
indirect  acting  governor;   factors  affecting   regulation. 

Fourth    year    Mechanical    Engineering    and    fourth    year    Civil    Engineering. 

Pre-requisite  courses:    For  Mechanical  Engineering:    M.  E.  36,  M.  E.   33,   C.  E. 

78;  for  Civil  Engineers,  M.  E.  77,  M.  E.  78,  C.  E.  75. 

52 — Organization  and  Management.  2  hours.  Professor  Rauten- 
strauch  and  Associates. 

Manufacturing  Organizations  and  Methods  of  Cost  Accounting — Effect  of 
methods  of  manufacture  and  capacity  on  systems  of  management  of  mills  and 
factories.  Analysis  of  the  elements  of  factory  accounting  and  determination  of 
the  factors  entering  into  the  cost  of  production.  Methods  for  keeping  record  of 
the  cost  of  labor  and  materials  in  the  production  of  specific  articles.  The  deter- 
mination of  establishment  charges.  Interpretation  of  costs  and  use  of  comparative 
values.  Determination  of  costs  and  use  of  comparative  values.  Determination  of 
the  depreciation  of  buildings,  machinery,  patterns,  drawings  and  other  assets.  Or- 
ganization and  functions  of  the  departments  of  the  business.  Purchase  of  raw 
material  and  sale  of  product.  Utilization  of  scrap  and  waste.  Methods  of  labor 
compensation.  Critical  analysis  of  the  methods  of  accounting  in  representative 
factories.  Factors  affecting  the  cost  of  production.  Layout  of  complete  system  of 
organization,  forms,  methods  of  accounting  and  progress  of  work  for  the  factory 
designed  in  course  M.  E.  68,  Manufacturing  Plant  Design. 
Fourth  year  Mechanical  and  Chemical  Engineering. 
Pre-requisites  must  parallel  M.  E.   68  for  M.  E.'s. 

53— Steam  Turbines.  2  hours.  Professor  Parr,  Mr.  Stone  and 
Associates. 

Fundamental  Analysis  of  the  Action  of  Steam  Jets  and  Vanes  and  Its  Applica- 
tion to  the  Design  and  Performance  of  Steam  Turbines — Ratio  of  impulse  to  re- 
active force  jets,  effect  of  variation  of  curvature  of  the  buckets,  open  and  closed 
passages.  Flow  of  steam  through  nozzles  and  turbine  passages,  volume,  pressure, 
temperature,  quality,  weight,  velocity  and  kinetic  energy  relations.  Centrifugal 
effect  of  steam  moving  in  a  curved  path.  Study  of  the  use  of  steam  in  varying 
types  of  turbines.  Graded  pressure  turbines,  graded  velocity  turbines,  mixed 
impulse  and  reaction  turbines.  Practical  turbines  belonging  to  these  types,  and 
study  of  their  detailed  construction.  Efficiency  of  different  types  studied  by  an- 
alysis of  energy  transformation  throughout  the  path  of  steam  and  how  efficiency 
is  varied  by  design  of  blades,  passages,  nozzles,  number  of  stages,  speed,  clearance, 
leakage  and  mode  of  regulation.  Construction  of  turbine  vanes.  Disc  and  vane 
friction  and  critical  speed.  Governing  steam  turbines,  throttling  method,  variable 
admission  to  one  or  more  stages  and  periodic  admission.  Steam  consumption  of 
turbines.     Book  used:    The  Steam  Turbine — Stodola. 

Fourth  year  Mechanical  and  Electrical  Engineering. 

Pre-requisite  courses:  For  Mechanical  Engineers,  M.  E.  17-18,  M.  E.  31-32; 
for  Electrical  Engineers,   M.  E.  17-18,  M.   E.  76. 
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54— Shop  Processes,  Tools  and  Time  Study.    2  hours.    Professor 
Rautenstrauch,  Mr.  Miller  and  Associates 

Third   year  Mechanical  Engineering. 

Pre-requisite  courses  are  M.  E.  94S,  T.   C.   Shopwork  and  M.   S.  39. 

56— Water  Power  Installations.     1  hour.     Mr   Herrick 

Fourth  year   Electrical  Engineering. 

Pre-requisite  courses:    C.    E.   77.     Parallel   course:   M.   E.   60. 

59— Empiric  Design.    2  hours  and  1  afternoon.    Professor  Thomas. 

ProP°rtioning    of    Machine    Parts   by    Empiric    Methods    and   the    Production   of 
Shop    Drawings   and    Sketches— Modern    practice   in    making     recording    and    filing 

SanPdardWanf  srtiTrT?  ^  "}d  !TT*f°+  bills  of  material £fd  listing''"! 
«£««        *  special    parts       Use   of    standard    conventions    and    interrelation    of 

shop  notes  on  drawings.      Shop  sketches   and  dimensions.      Forms  of  machuVe  Sarts 

Smcernf  ?K  Association,  United  States  Government,  numerous  manufacturing 
concerns  and  data  appearing  in  the  transact  ons  of  the  various  ennineerinir wrieriS 
and  engineering  publications.      Design  of  simple  castings  from  Sled  lata    J He? 

Second  year  Mechanical  Engineering  and  third  year   Chemical   Engineering. 
lne  pre-requisite  courses  are  Drafting  1   or  2. 
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60— Hydraulic  Laboratory.     1  afternoon.     Mr.  Herrick. 

Practical  Work  on  the  Flowing  of  Water  for  the  Determination  of  Rational 
Coefficients  with  Ordinary  and  Extraordinary  Conditions— Flow  through  simple 
holes  in  plate  and  short  tubes  under  low  heads.  Flow  through  convergent  nozzles 
?™"e2?  onfice-  l'low  through  straight  pipe,  elbows  and  joints,  distribution 
across  the  cross  section  near  bends  with  velocity.  Flow  through  open  channels. 
How  over  weirs.  Variation  of  rectangular,  trapezoidal  and  triangular,  sharp  versus 
dull  edge,  approach  contractions,  one  side,  both  sides  and  bottom.  Hook  gauge 
measurements.  Measurement  of  quantity  flowing  by  Venturi  tube  and  Pitot  tube 
Variation  of  error  with  type,  pressure  drop,  and  size.  Loss  of  heads  by  sudden 
enlargement  in  cross  section  in  pipes  running  full.  Inertia  and  water  shock. 
Water  wheels.  Variation  of  efficiency  with  speed  and  head,  analysis  of  losses  in 
nozzles,  bucket  and  friction.     Text:  Lecture  Notes. 

Fourth  year   Electrical   Engineering  and  third  year  Mechanical   Engineering. 
Parallel  course:   For  Mechanical  Engineers,    C.    E.    78 
Pre-requisite  for  Electrical  Engineers:   C.   E.  77. 

62— Refrigerating   Machinery.     1   hour.     Mr.  Thurston. 

Relative  Equipment,  Space  Occupied,  Fuel  and  Water  Consumption  per  Ton  of 
Refrigeration  or  of  Manufactured  Ice  for  Principal  Systems — Physical  properties 
of  anhydrous  ammonia,  carbonic  acid,  aqua  ammonia,  sodium  and  calcium  brine 
solutions.  Ammonia  compression  systems,  wet  and  dry  and  oil  injection  systems 
Liquid  storage,  pressure  and  liquid  receiver  tanks,  pipe  and  fittings,  expansion 
valves,  direct  expansion  coils,  double  pipe,  submerged  and  shell  brine  coolers, 
insulation  of  tanks  and  pipes,  brine  circulating  pumps.  Compressors.  Ammonia 
condensers,  atmospheric,  double  pipe  and  submerged,  condenser  water  cooling 
towers,  ammonia  fore-coolers  and  oil  coolers  for  oil  system.  Carbonic  acid  sys- 
tems, characteristics  and  quantities  compared  with  anhydrous  ammonia.  Ammonia 
absorption  systems  Absorber  constructions,  generator  construction.  Dense  air 
systems.  Air  drying.  Refrigerating  rooms,  brewery,  meat,  general  stores,  restau- 
rants. Ice  making.  Can  and  plate  systems,  water  purification  systems,  oil  sepa- 
rators, steam  condensers,  reboilers,  evaporators,  single  and  multiple  effect,  skim- 
mers^ water  storage  tank  and  governors.  Quantity  of  water  per  ton  of  ice, 
quantity  of  steam  condensed  from  compressor  and  auxiliaries,  available  and 
make-up  water.     Text:  Compend.  of  Mechanical  Refrigerating — Siebel. 

Third  year  Mechanical   Engineering. 

Pre-requisite  course:   M.   E.   17.      Parallel   course:   M.    E.   18. 

63 — Hydraulic  Laboratory,     i  afternoon.     Mr.  Herrick. 

Same  as  M.  E.  60.     Fourth  year  Civil  Engineering. 
Parallel  course:    Hydraulics,  C.  E.  75. 

64 — Air  Machinery.    2  hours.    Mr.  Longacre. 

Structures,  Adaptability  and  Economy  of  Fans,  Air,  Gas  and  Vapor  Compressors, 
Blowing  Engines,  Jet  Blast  Apparatus  and  Important  Applications — Convection 
movement  of  air;  flow  of  air  through  orifices,  ducts,  pipes.  Hygrometric  conditions 
of  air  with  temperature  and  pressure  and  condensation  of  moisture  in  compressed 
air.  Air  compressors,  types  and  construction;  work  of  compression,  M.E.P.  for 
single  and  multi  stage,  cylinder  ratios,  effects  of  intercooling.  Volumetric  efficiency 
of  compressors,  real  and  apparent.  Discharge  pipe  pressure  pulsations,  air  receiv- 
ers, intercooling  receivers.  Air  end  valves,  poppet,  slide,  Corliss  and  ring  valves, 
suction  and  delivery,  differences  in  type  and  diameter  and  lift.  Steam  end  valve 
gears  and  cylinder  arrangement.  Constant  and  variable  speed  compressor  valve 
gear  characteristics,  pressure  and  speed  controllers  and  governors.  Analysis  of 
complete  compressor  economy  tests.  Dry  vacuum  air  pumps.  Blowing  engines, 
special  forms  and  sizes  of  air  end  valves  introduced  by  cylinders  of  large 
diameters  for  low  pressure  air.  Ammonia  and  carbonic  acid  compressors;  peculi- 
arities and  methods  of  handling  liquid  in  the  vapor;  forms  and  characteristics. 
Multi-stage  centrifugal  fans  and  service.  Analysis  of  efficiency  tests  for  fans  and 
blowers.  Positive  blowers.  Steam  jet  blowers  and  exhausters,  thermal  efficiency. 
Application  of  principles  to  ventilation  and  heating,  blast  furnace  practice,  com- 
pressed air  and  compressed  gas  power  transmission  systems,  air  lift  pumps  and 
air  brakes. 

Third  year  Mechanical  Engineering. 

Pre-requisite  course:   M.   E.   17. 
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66 — Elevators  and  Conveyors,    i  hour.    Mr.  Moss. 

Mechanical  Handling  of  Solid  Materials  by  Standard  Elevating  and  Conveying 
Machinery,  Characteristics,  Speed,  Tonnage  and  H.P.  per  Ton,  Computations  and 
Adaptability  to  Special  Service — Hand  handling  of  materials,  limits,  cost  and  con- 
ditions warranting  use  of  machinery.  Continuous  conveyors,  screw,  bucket,  scrap- 
ers, pusher,  belt  and  pneumatic  types.  Intermittent  conveyors;  telephers,  rope 
and  cable  ways,  cable  cars.  Loaders,  unloaders,  storage  facilities.  Skips,  grab 
buckets,  tips  and  tipples.  Short  and  long  hoists,  friction  drum  hoists  and  direct 
connected.  Pneumatic  and  hydraulic  elevators  for  freight.  Fixed  and  travelling 
cranes.  Passenger  elevators,  rope  and  plunger  types.  Safety  devices.  Automatic 
weighers  of  materials;  coal  and  ore  storage  systems.  Excavating  machine  and 
dredges.  Coal  and  ore-handling  machinery.  Railroad  terminal  and  steamship 
loaders  and  unloaders.  Coke  oven  chargers  and  dischargers.  Grain  handling. 
Special  adaptation  to  material,  such  as  sand,  plaster,  glass,  cement,  broken  rock, 
coal,  coke,  packages,  barrels,  corrosive,  erosive,  sticky,  packing,  and  hot  materials. 

Third  year  Mechanical  Engineering. 

Pre-requisite   course:   M.    E.   39. 


68 — Shops  and  Factories.  2  hours  and  1  afternoon.  Professor 
Rautenstrauch   and  Associates. 

Methods  of  Procedure  for  the  Design  of  a  Plant  for  the  Manufacture  of  an 
Assigned  Product  at  a  Given  Rate — Determination  of  kind  and  quantity  of  ma- 
terials needed,  processes  by  which  they  may  be  most  economically  worked,  selec- 
tion of  machinery  for  each  process,  determination  of  the  number  of  each  kind  of 
machine  required,  power  necessary  to  drive.  Layout  of  shops  for  most  direct 
production.  Selection  of  facilities  for  handling,  storing  and  shipping  on  the  basis 
of  economy  effected.  Grouping  of  pattern  and  machine  shops,  foundry,  forge  and 
general  office;  estimate  of  costs  of  equipment  and  installation.  Layout  of  heating, 
ventilating  and  lighting  systems,  power  transmission  systems  and  facilities  for 
reduction  of  fire  hazard.  Layout  of  system  of  management  and  cost  determining 
system. 

Fourth  year   Mechanical  Enginering. 

Pre-requisite  course:  E.  E.   103;  and  must  be  paralleled  by  M.  E.  52. 


70 — Pumping  Machinery.    2  hours.    Mr.  Thurston. 

The  Mechanics  of  Moving  Liquids  and  Standard  Machinery  for  Pumping — Water 
elevators,  conditions  for  high  efficiency  and  limits  of  use.  Displacement,  piston 
and  plunger  pumps;  forms  and  functions  of  water  pistons  and  plungers,  pump 
bucket  forms  and  limits  of  use,  volumetric  efficiency  of  water  ends.  Valves  for 
water  end,  mechanical,  flap,  poppet,  ball,  annular,  flat,  double  beat  type  and  rela- 
tion, adaptability  to  fluid,  speed  and  temperature;  forms  of  valve  seats,  conditions 
for  perfect  flow,  piston  speed  and  water  inertia.  Air  chambers.  Suction  limita- 
tions of  altitude,  water  temperature  and  absorbed  gases  and  acceleration.  Peculiari- 
ties of  high  pressure  work,  accumulators.  Fly-wheel  pumps,  steam  end  character- 
istics, relation  between  steam  and  water  diameters  and  displacements.  Direct  act- 
ing pumps,  valve  motion  in  single  types,  full  and  partial  steam  throw  valves  for 
simple,  compound  and  triple  use  of  steam.  Duplex  direct  acting  pumps,  structural 
and  operating  characteristics.  Economy  of  direct  acting  simple  and  multiple  ex- 
pansion pumps.  Centrifugal  and  turbine  pumps,  forms  and  operative  character- 
istics. High  duty  pumping  engines,  conditions  for  maximum  duty  referred  to 
steam  and  coal;  pumping  engine  tests,  methods  of  conducting  and  analysis  of 
results  obtained.  Typical  pumping  engine  installations.  Pulsometer  pumps.  Jet 
apparatus,  injectors,  ejectors  and  eductors,  construction  and  duty  as  pumps. 
Water   relief  valves,  pressure  and  float  pump  governors. 

Third   year    Mechanical,    Civil    and    Chemical    Engineering. 

Pre-requisite  course:  M.    E.   17.     Parallel  C.   E.  78. 

72 — Gas  Power  Machinery.     2  hours  and  1  afternoon.     Professor 
Lucre. 

Short  course  adapted  from  M.  E.  22. 

Fourth    year   Electrical   and    Metallurgical   Engineering. 
Pre-requisite  course:    M.    E.    17. 
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74-Gas  Power  Machinery.    2  hours.     Professor  Lucke 

bame  as  72  except  the  time. 

fourth  year  Mining  Engineering. 
Pre -requisite   course:    M.    E.    17. 

76-Standard  Tests.     1  hour  and  i  afternoon.     Professor  Parr  and 
J\lr.    Ihurston. 


Si 


lorilc.°''!rse  adapted  from  M.  E.  31,  32.  33 

yea^'piSafgSgSt  f0Urth  ^  dhemkal'  tbhd  *«'  ****  -d  third 

77-Standard  Tests,    i  hour  and  i  afternoon.     Professor  Parr  and 
Mr.  Thurston. 

Short  course  adapted   from   M.  E    31    32    33 

g?|k£ffiV?3ft  H  SSSSS  £&£2?«  ga*S  §*£?/: 

for  Electrical   Engineers,   M.  E.   17-18  and  M.  E.  76.  ' 

7&— Kinematics,    i  afternoon.    Professor  Thomas 

Short  course  adopted  from  M.  E.  36. 

Third   year    Civil   Engineering.      Pre-requisite:    Math.   3-4. 

82— Heating  and  Ventilation.     3  hours. 

circulation.       Reducng'  valves      a"r    vXes f10™:***™***™  systems,   vacuum 

94S— Shop  and  Factory  Work.     Professor  Rautenstrauch. 

.er^t^lr^01?  a.nd-  Dir?5ted  Study  in  the  Shops  and  Drafting  Rooms  of  Repre- 
wTth  a nriJfS 'IfT?,    Establishments    with    Report-Each    student    is    provided 

K^llSfiraVneral   SSSaJ?:       $  "'  reP°rted  "  "  ^  °£  ^ 

Machine    Shop       Functional   operation,    characteristics    and   powering  0f  machine 

tntknT^oTn'^yOUt  K     shoP>  *ize  of  shaftmg,  belting  and  motors  for  in^epend- 

size  Tf  togols  used       R.rS3^6  °f  "«««.  ■P**^    feeds,    depth   of  cut.      Shape   and 

P?S£X  gftSSiSftS.  S!itieS  f°r  Pr°dUCing  P^  *  quantity/ ^d 

AlSwntnniIl!0?;^^te.ri!aIs  °£  WhiCuh  PatterRS  arp  made  and  methods  of  treating, 
liner  and  JEST,  "  S  m  ^  Pattefn  S-h?P  arrangement,  capacities,  adaptability,  hand- 
ling and  storing  of  material  and  finished  product. 

in  thpfmfn^onHT '  Desc£Ption  °*  hand  and  machine  tools  and  appliances  used 
nf  rininfn  %-S  d  f°rgf-  f°^0S^s  and  treatment  of  foundry  sands.  Methods 
and  Sfn.  1me^nV°K;?d-  Me*hods  of  powering,  venting  and  chilling,  cooling 
and  finishing,  handling  the  cupola.  Composition  of  the  charges  and  mixtures 
temperatures,  pressures,  time  required  to  charge,  to  melt,  to  pour,  cool  and  clean' 
Appliances  in  the  forge  shop.  Operation  of  power  hammers,  bull-dozers,  shears! 
heatmgand  annealing  furnaces  and  hand  processes  of  forging.      Time  involved  in 

Drafting  Room.  Standards  and  conventions  used.  Filing  and  marking  of 
drawings  and  recording  of  patterns.     Bills  of  material— parts  to  be  made— standard 

JJcli  IS    111    SlOCK. 

General  Management  and  Organization.  Methods  of  recording  time  of  workmen 
and  their  time  distribution  over  on  different  jobs.  Paying  of  men,  methods,  rates 
torms  and  records  used.  Drawing  of  materials  used  from  storeroom  and  chanrin* 
to  orders.  "      °     ° 

Pre-requisite  course  is  second  year  shop  work. 
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96S— Steam  Power  Plant,  Summer  Work.    Professor  Lucke. 

Report  based  on  not  less  than  six  weeks'  practical  work  in  an  Operating  Power 
Plant,  including  the  Output,  Load  Conditions,  Labor  and  Material  for  Operation 
and  Maintenance,  Operating  Cost  per  Unit  and  the  Essential  Dimensional  Rela- 
tions between  the  Various  Units  and  Auxiliaries  Producing  this  Result — I  his  work 
is  done  entirely  by  the  student  in  the  field,  his  only  assistance  oeing  the  blank 
report  form  which  is  put  in  his  hands  after  a  brief  lecture  on  leaving  the  Uni- 
versity for  the  vacation. 

Third  year  Mechanical  Engineering.    Pre-requisite  courses:  M.  E.  17-18,  31-32. 

METALLURGY 

101— General  Metallurgy.  3  hours  first  half  of  term.  Professor 
Kern. 

An  introduction  to  general  metallurgy;  consideration  of  the  methods.  Object  of 
the  metallurgist,  and  application  of  physics  and  chemistry  to  the  extraction,  and  to 
the  treatment  of  the  commoner  metals.  General  classification  of  processes.  Classifi- 
cation of  fuels,  and  the  selection  of  the  most  suitable  fuels  for  certain  purposes 
The  calorific  value,  and  the  temperature  of  combustion,  of  fuels.  Preparation  of 
charcoal  and  coke,  and  the  recovery  and  utilization  of  their  by-products.  Artificial 
gaseous  fuels,  their  preparation  and  metallurgical  utilization.  Properties  of  gases, 
and  the  metallurgical  application  of  the  laws  of  gases.  Classification  of  furnaces, 
and  the  types  of  furnaces  for  specific  purposes.  Refractory  materials,  and  their 
use  in  the  construction  of  furnaces.  Transmission  of  heat  and  the  thermal  effi- 
ciency of  furnaces.  Calculation  of  height,  sectional  areas,  capacity  and  draits  of 
chimneys.  Fuel  economizers,  and  their  application  to  metallurgical  furnaces.  High 
temperature   measurements. 

Third   year    students    in    Metallurgical    Engineering.      Fourth    year    students, 

Mining    Engineering,     Chemical     Engineering    and     Chemistry.       Pre-requisite: 

Chemistry   3-4  and  Physics  3-4. 

in— Metallurgy  of  Copper.  3  hours,  second  half  of  term.  Pro- 
fessor Kern. 

The  production  of  copper,  its  uses,  and  consumption.  Properties  of  copper  and 
its  alloys.  The  ores  of  copper,  and  distribution.  Characteristics  of  ores  of  the 
principal  districts.  Sampling,  and  preparation  of  copper  ores  for  treatment,  and 
cost  of  different  methods  of  sampling.  General  outline  of  the  metallurgy  of  cop- 
per. Roasting  of  copper  ores;  purposes;  chemistry;  and  methods  of  roasting  Ine 
advantages,  disadvantages,  and  comparative  cost  of  roasting  processes.  Introduction 
to  smelting  copper  ores  in  reverberatory,  and  in  blast  furnaces.  Composition, 
physical  properties,  and  characteristics  of  furnace  products;  blister  copper,  black- 
copper,  mattes,  speiss,  slag,  and  flue-dust.  Smelting  in  reverberatory  furnaces; 
construction  of  reverberatory  smelting  furnaces,  their  capacity  and  efficiency. 
Calculation  of  reverberatory  furnace  charges.  Converting  of  copper  matte  in 
reverberatory  furnaces.  Smelting  of  copper  ores  in  blast-furnaces.  Calculation 
of  blast-furnace  charges.  "Pyrite"  or  "Raw  Ore"  Smelting.  Converting  of  copper 
matte  by  the  Mahnes  process.  Apparatus  required  for  converting  copper  matte. 
Refining  of  blister  copper,  black-copper,  and  cement-copper  Smelting  of  typical 
copper  ores,  producing  ingot  copper;  the  handling,  and  the  disposition  of  the  fur- 
nace products;  cost  of  treatment. 

Third  year  students  in  Metallurgical  Engineering.  Fourth  year  students  in 
Mining  Engineering,  Chemical  Engineering  and  Chemistry.  Pre-requisite: 
Metallurgy  101. 

118— Metallurgy  of  Copper.  1  hour.     Professor  Kern. 

Advanced  Course.  Treatment  of  low-grade  ores,  and  of  copper-silver  ores  by 
leaching.  Recovery  of  copper  from  mine-water.  Utilization  of  furnace-gas  for  the 
production  of  sulphuric  acid.  Treatment  of  copper-nickel  ores.  Metallurgical  cal- 
culations of  roasting  operations.  Application  of  thermo-chemistry  to  roasting  and 
smelting,  and  to  calculations  of  furnace  efficiencies.  Purchasing  of  copper  ores 
and  fluxes. 

Fourth  year  students  in  Metallurgical  Engineering.  Pre-requisite:  Met- 
allurgy 111. 
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122-Metallurgy  of  Lead,  Silver,  Gold  and  Zinc.     3  hours.     Pro- 


fessor Walker 


Propert 
and   uses 


-  of  Xfad  Outline  oi  ^  and  alloys-,  Classification  of  ores.  Production 
in  the  rcbcrberatorv  furnaces  ftfcTJS?1^  "SP"??  of  lead  ores.  Smelting 
ing  lead  ores  Roas tin"  £ i,L  a  re"heartI}-  Blast  furnace  practice  for  smelt 
processes  and  sintering Vach  ne"  ?Ll?W -E?1  J™*™**-  Various  pot-rcasting 
calculation  of  charge  disnnSint,  >,TiVg  °Pe5atl0ns:  construction  of  furnaces" 
silverization  Af  w?  J  ^P051*1?0-  handling  and  treatment  of  by-product* 
cSS^ofri^?^  .SftS?    0XA-P-ities    and    elimiSatiofof 


De- 
same. 


Cupellation  of  rich 'lead 1  allovs  »,?„?    °r    lmPuritiesf   and    elimination    of    same 

SS^JSE^    ot  reSTTtortfnt   JSff  anVXnSy    "ftS 

Mining  Fngine^rin^3  Chemf^8*?1   Engineering       Fourth  year  students  in 
MetaHurgy  fjl  g'     Chemical    Engineering    and     Chemistry.       Pre-requisite: 

128-Metallurgy  of  Lead,  Silver,  Gold,  Zinc  and  the  Minor  Metals. 

i  hour.     Professor  Walker. 

Puttaas"ngdofCOoUrreSof  v^rvWS  °f  ^S™8  ^  SamPHn^  dIfferent  Masses  of  ore. 
design of^meltin-  olaSS  ^Z™^51?0™-  ,Gene,ral  construction  of  furnaces,  and 
keeping ,   cos?  sheets,P etc!         0rSamzatlon    °*    smelting   plants;    metallurgical   book- 

lurgyU122.year    ^^   l"   Metallur^al    Engineering.      Pre-requisite:    Metal- 

131-Metallurgy  of  Iron  and  Steel,    i  hour.   Professor  Campbell 

AlloPyysteels.      Corrosfon.  g       f  Structure   wlth   hea*   a"d   mechanical  treatment. 

istfy^'Thi^ye^tudenr1,  JFS*  ?n<?  Metallurgical  Engineering  and  Chem- 
3  4andPh2lf  Pr  r  Chemical  Engineering.  Pre-requisite:  Chemistry 
ot  ana  rnjsics  <5-4.     Pre-requisite  or  parallel:   Metallurgy  101. 

134-Metallurgy  of  Iron  and  Steel.     2   hours.      Professors   Howe 
and  Campbell. 

prois       fc,r     rC°al    hCart-hiS'   fin/rieS-      Cementation,    blister   steel       Sue  be 

r«^«    ?'  r  Medjum.  and  mgh  carbon,  rails  and  tires.     Tool  steels      Cast  irnns 

Comparison    of   good   with    bad   material.      Relation    between    structure   and   o  one  " 
ties.      Corrosion.      Standard  specifications.      Electrometallurgy   of  ?ron   and    fteel 

req^sSel  EEJ 2£ S  iflfeSU*  "*  1-W",,W  **"«*»      ** 
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I38 — Metallurgy  of  Iron  and  Steel,    i  hour.    Professor  Campbell. 

Advanced  Course.  A  detailed  study  of  the  constitution  of  iron  and  steel  and 
the  effects  of  heat  and  mechanical  treatment  upon  the  constituents.  Discussion  of 
the  various  processes  of  manufacture  of  iron  and  steel,  alloys  steels,  etc.  The 
iron  and  steel  industry  of  the  United  States,  Germany,  England,  and  other  coun- 
tries.    Standard  methods  of  testing. 

Fourth    year   students    in    Metallurgical    Engineering.      Pre-requisite:    Metal- 
lurgy 131. 

141 — Electrometallurgy.     1  hour.     Professor  Kern. 

Theory  of  the  electric  current,  and  its  application  in  the  treatment  of  ores, 
refining  of  metals,  and  production  of  refractory  alloys.  Theory  of  electrolysis; 
determination  of  efficiency.  The  solution  pressure  series  of  the  metals,  and  its 
application  in  the  refining  of  copper,  lead,  iron,  nickel,  antimony,  tin,  zinc,  gold, 
and  silver.  Electrolytic  refining  of  copper.  Electrolytic  refining  of  lead.  Treat- 
ment of  anode  residual.  Parting  of  silver  and  gold  by  electrolysis.  Refining  of 
gold  alloys.  Electrolysis  of  fused  electrolytes;  production  of  aluminum;  treatment 
of  sulphide  ores,  etc.  Electric  furnaces  used:  for  smelting  ores,  for  refining 
metals,  and  for  manufacture  of  refractory  alloys.  Efficiency  of  electric  furnaces; 
cost   of   constructing  and   maintaining. 

Fourth   year  students  in  Mining  and  Metallurgical   Engineering,  and  Chem- 
istry.    Pre-requisite:   Chemistry  3-4  and  Physics  3-4. 

148 — Electrometallurgy.  1  hour  conference.     Professor  Kern. 

Advanced  Couise.  Construction  of  electrolytic  refineries;  calculations  of  cur- 
rent, and  power  efficiencies.  Selection  of  most  suitable  electrolyte,  and  most 
economical  current  density.  Labor-saving  appliances.  Electrolytic  deposition  of 
copper,  lead,  zinc,  nickel,  gold  and  silver  from  solutions  obtained  by  leaching  their 
ores.  Production  of  solid  deposits,  and  laws  governing  the  same.  Role  of  current 
density  in  the  electrolysis  of  aqueous  and  fused  electrolytes,  and  in  the  operation 
of  electric  furnaces. 

Fourth    year   students    in    Metallurgical    Engineering.      Pre-requisite:    Metal- 
lurgy 141. 

151— Constitution  and  Properties  of  Alloys.  2  hours.  Professor 
Campbell. 

Pyrometry  and  freezing  point  or  cooling  curves.  Various  types  of  curves  and 
their  meaning.  Examples  of  the  same.  Constitution  of  the  various  binary  alloys. 
Methods  of  manufacture  of  commercial  alloys.  Ternary  alloys.  The  phase  rule. 
Change  of  structure  in  the  solid  state,  pure  metals,  alloys,  bronze,  brass,  steel. 
Methods  of  metallographic  research. 

Fourth   year    students    in    Metallurgical    Engineering.      Pre-requisite:    Metal- 
lurgy  111;    Parallel  Metallurgy  131. 

155-6— Metallography.    Iron,    Steel    and    Industrial   Alloys.     Six 

lectures  and  3  or  more  afternoons  laboratory.     Professor  Campbell. 

Methods  of  examination.  Comparison  of  good  and  bad  material;  wrought  iron, 
low  carbon  steel,  structural  steel,  rail  steel,  tool  steel,  etc.  Examination  of  brasses, 
bronzes,  bearing  metals  and  other  industrial  alloys.  Relation  between  chemical 
composition,   physical   properties   and   microstructure. 

Course   for    students   in    Mechanical    Engineering,    and    for   special    students. 
Pre-requisite:  Metallurgy  131   or  134. 

158— Advanced  Course  on  Constitution  and  Property  of  Alloys. 

1  hour.     Professor  Campbell. 

Pre-requisite:   Metallurgy   151. 

62S— Summer  Course  in  Non-Ferrous  Metallurgy.  Professor  Kern. 

For  description  see  page  37.  1  week  field  work  at  metallurgical  plants  during 
the  summer. 

Instruction  for  this  field  work  will  be  given  in  five  one-hour  conferences  during 
the  last  week  in  April. 

Third  year   students  in   Mining  Engineering. 


METALLURGY  101 

64S— Summer  Course  in  Ferrous  Metallurgy.  Professor  Campbell. 

For  description  see  page  37.     Third  year   students  in  Metallurgical   Engineering. 
Pre-requisite:    Metallurgy  101. 

66S — Summer  Course  in  Non-Ferrous  Metallurgy.  Professor 

Kern. 

For  description  see  page  37.     Third  year   students  in  Metallurgical  Engineering. 
Pre-requisite:    Metallurgy  122. 

72— Metallurgical  Laboratory.  10  consecutive  afternoons,  second 
term.    Professor  Campbell  and  Professor  Kern. 

Calibration  of  Le  Chatelier  pyrometer.     Cyaniding  and  chlorination  of  gold  ores. 
Roasting   of   copper   matte,    and    use    of    pyrometer.      Desilverizing    of   base    bullion 
by  Parke  s  process.      Microscopic  metallography.     Thermal  treatment  of  steels. 
Fourth   year  students   in   Mining   Engineering. 
Pre-requisite:    Metallurgy   111.      Parallel:    Metallurgy   122. 

1 71-172— Metallurgical  Laboratory.  5  afternoons.  Professors 
Walker,  Campbell  and  Kern. 

Calibration  and  comparison  of  thermo-electric,  optical  and  radiation  pyrometers. 
Determination  of  the  calorific  power  of  fuels  by  the  Mahler-Berthelot  calorimeter. 
Microscopic  study  of  metals  and  alloys.  Thermal  and  mechanical  treatment  of 
steels  and  cast  iron.  Roasting  of  copper  matte,  and  use  of  pyrometer.  Produc- 
tion of  blister  copper  by  the  reaction  process.  Refining  of  blister  copper.  De- 
silverization  of  base  bullion  by  Parke's  process.  Cyaniding  of  gold  and  silver 
°.res:  .  Chlorination  of  gold  ores.  Electrolytic  refining  of  copper  and  lead  bullion. 
P'usibility  of   slags   and   refractory  materials. 

Fourth    year    students    in    Metallurgical    Engineering.      Parallel:    Metallurgy 
101   and   111. 

I73"I74— Metallurgical  Laboratory. 

Special  work  along  the  lines  indicated  under  the  head  of  Metallurgy  201-202. 
This  work  is  intermediate  between  that  of  Metallurgy  171  and  201-202  and  is 
designed  for  those  desiring  to  take  an  advanced  metallurgical  laboratory  course 
without  confining  themselves  to   special  research  work. 

175— Metallurgical  Investigation,  i  hour  conferences.  Professors 
Walker  and  Campbell. 

Fourth  year   Metallurgical  Engineers.     Pre-requisite:   Metallurgy    122.     Pre- 
requisite or  parallel:   131,   141. 

177— Metallurgical  Plant  Construction.     Professor  Walker. 

General  design  of  metallurgical  plants  and  problems  entering  into  the  con- 
stiuction  of  same. 

Special  work  is  assigned  to  each  student,  which  is  carried  on  under  direct  and 
constant  supervision  in  the  drafting  room  and  laboratories.  The  experience  gained 
in  visits  to  metallurgical  plants  is  brought  into  practical  use. 

Fourth     year    Metallurgical    Engineers.       Pre-requisite:     Drafting    3-4,    7-8; 
Civil  Engineering  53;  Metallurgy  122,  64S  and  66S. 

Graduate  Courses 

Special  courses,  consisting  of  original  research,  will  be  arranged  for 
advanced  students  according  to  their  individual  needs  and  abilities. 
Most  of  these  researches  will  consist  of  work  in  the  departmental  lab- 
oratories, but  others  will  consist  of  study,  and  still  others  of  work  in 
industrial  establishments. 

The  following  list  shows  what  subjects  are  suited  to  these  courses- 
201-202    (a) — Advanced    work  on   some  problem   in   general   metal 
lurgy,  as   for  example: 
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In  Calorimetry:  Determination  of  the  calorific  power  of  fuels,  or 
testing  some  law  in  calorimetry; 

In  Pyrometry:  Determination  of  the  temperatures  of  metallurgical 
and  other   industrial   high-temperature  operations; 

On  Refractory  Materials:  Their  resistance  to  heat  and  corrosion; 
their  tendency  to  slack;  their  contraction  and  expansion,  etc.; 

On  Slags:  The  formation  points,  melting  points,  flowing  points,  and 
their  density  and  viscosity  when  molten ; 

(b) — In  the  Metallurgy  of  Copper: 

The  chemistry  of  roasting  processes,  such  as  the  elimination  of 
arsenic  and  sulphur;  chloridizing  and  sulphate  roasting,  etc. 

The  reactions  of  smelting  processes; 

Wet  methods  of  extraction; 

(c) — In  the  Metallurgy  of  Lead,   Silver,   Gold,  etc.: 

The  pot-roasting  of  sulphides,  and  others  mentioned  above  under 
(b); 

(d) — In  the  Metallurgy  of  Iron  and  Steel : 

The   effect  of  various   constituents   on  Iron  and   Steel. 

The  heat  and  mechanical  treatment  of  Iron  and  Steel;  effect  on 
physical  properties  and  microstructure. 

The  study  of  alloy  steels  and  the  effect  of  heat  treatment. 

Case  hardening,  etc. 

(c) — In  Electro-metallurgy:  Testing  electro-metallurgical  principles, 
refining,  extraction  and  depositing  process ; 

(f) — On  Alloys:  The  constitution  and  properties  of  alloys,  embrac- 
ing a  microscopic,  pyrometric  and  mechanical  or  physical  examination 
with  a  correlation  of  the  results; 

(g) — In  Metallography:  Metallography  of  iron,  steel,  industrial  al- 
loys or  metallurgical  products,  as  mattes,  slags,  etc. 

Prerequisite  for  201-202:   Metallurgy  122,  131,  141  and  171,  or  equivalent. 

MINERALOGY 

1-2 — Descriptive  and  Determinative  Mineralogy.  3  hours  lectures. 
6  hours  laboratory  first  term,  3  hours  laboratory  second  term.  Pro- 
fessors Moses  and  Luquer  and  Assistants. 

The  elements  of  crystallography.  The  blowpipe  analysis  of  ores  and  other  sub- 
stances. The  study  of  the  important  minerals,  the  purpose  being:  ist.  Sight  recog- 
nition of  average  specimens  of  all  common  or  economically  important  species; 
2d.  Rapid  determination  of  the  less  characteristic  specimens  by  simple  tests;  3d. 
Familiarity  with  economic  characters. 

Pre-requisite:   Entrance   requirements  in   Chemistry  and  Physics.      Prescribed 
course  for  students  in  Mining. 

5— The  Minerals  of  Building  Stones.  2  hours  lectures  and  1  after- 
noon laboratory.     Professor  Luquer  and  Assistant. 

Study  of  common  species,  their  properties,  methods  of  determination,  and  their 
economic  effect  on  building  stones. 

Prescribed  for  students  in  the  course  of  Civil  Engineering. 

6 — Optical  Mineralogy.  In  sections,  2  afternoons  per  week  for  first 
seven  weeks  of  term.     Professor  Luquer  and  Assistant. 

Principles,  apparatus,  and  distinguishing  characters  of  minerals  in  thin  sections. 
Consists  principally  in  the  determination  of  minerals  in  rock  sections  by  the  aid 
of  the  polarizing  microscope.  Supplements  Courses  5  and  1-2  and  is  preliminary  to 
Geology  4   (petrography). 

Pre-requisite:    Course  5,  or  part  of  Course  1-2,  or  the  equivalent.    Prescribed 
for  students  in  Mining. 


MINERALOGY  103 

7-8 — Descriptive  and  Determinative  Mineralogy.  3  hours  lectures, 
3  hours  laboratory.     Professors  Moses,  Luquer  and  Assistants. 

Modification  of  Mineralogy   1.     Lectures  identical,   laboratory  work  condensed. 
Prescribed  course  for  students  in  Metallurgy. 

15-16— Mineralogy.  3  hours  laboratory.  Professor  Moses  and 
Assistant. 

Sight  recognition  and  determination  of  minerals  important  in  the  chemical 
industries. 

Pre-requisite:    Chemistry    A    and    Physics    A.      Prescribed    for    students    in 
Chemistry  and  Chemical   Engineering. 

MINING 
Undergraduate  Courses 
51 — Excavation   and   Tunneling.     3   hours,   third  year.     Professor 
Peele. 

Excavation  of  earth:  tools  and  methods  employed,  support  of  excavations,  special 
methods  for  quicksand  and  other  water-bearing  material;  steam  shovels  and  other 
mechanical  excavators;  handling  and  transportation  of  excavated  material;  com- 
parative costs.  Explosives:  black  powder,  nitro-glycerine  and  its  compounds,  and 
other  high  explosives;  their  composition,  manufacture,  and  use.  Excavation  of 
rock:  methods  of  drilling  and  blasting  mammoth  blasts,  submarine  blasting.  _  Rail- 
road tunnels:  methods  of  driving  and  timbering;  handling  and  transportation  of 
excavated  material;  drainage  and  ventilation;  lining  of  tunnels,  submarine  tun- 
nels. Mire  tunnels;  examples  from  practice;  sizes,  details  of  driving,  timbering, 
rates  of  advance  and  costs. 

Required  of   students    in  the   course  of  Mining   Engineering.      Pre-requisite: 
Entrance  requirements  in  Mathematics,  Chemistry,  and  Physics. 

52 — Boring  and  Shaft  Sinking.  2  hours,  third  year.  Professor 
Peele. 

Boring:  methods  and  appliances  for  small  depths  and  for  deep  boring;  rod 
boring  and  cable  tool  or  oil-well  method;  boring  with  core  drills,  for  prospecting 
and  other  purposes;  survey  of  bore-holes.  Shaft  sinking:  methods  and  tools  em- 
ployed in  soft  material  andinrock;  sinking  linings  or  drop-shafts,  freezing  and 
other  special  methods  of  sinking  in  soft  water-bearing  formations;  drainage^  of 
shafts;  handling  and  hoisting  of  excavated  material.  _  Shaft  timbering,  walling, 
tubbing.    a'id   other    forms   of   lining.      Costs   of    shaft    sinking. 

Required   of  students  in  the   course   of  Mining    Engineering.      Pre-requisite: 
Mining  51. 

53 — Excavation,  Tunneling,  Boring  and  Shsft  Sinking.  2  hours, 
second  year.    Mr.  Judd. 

A  condensation  of  courses  51  and  52,  in  which  attention  is  given  only  to  those 
operations  that  are  of  special  interest  to  the  civil  engineer.  Excavation  and 
transport  of  earth  for  structural  purposes  and  railroad  grading;  steam  shovels  and 
dredges.  Explosives.  Excavation  of  rock ;_  methods  of  drilling  and  blasting;  sub- 
marine blasting;  railroad  tunnels;  quarrying;  testing  for  foundations  in  earth, 
rock  and  watery  material;  well  drilling;  shaft  sinking  by  usual  and  special 
methods. 

Required    of    students    in    the   course    of    Civil    Engineering.      Pre-requisite: 
Entrance  requirements  in  Mathematics,  Chemistry  and  Physics. 

54 — Exploration,  Development,  and  Methods  of  Working.  3  hours, 

third  year.    Professor  Munroe. 

Mineral  deposits,  characteristics  of  beds,  masses,  veins,  and  other  deposits,  and 
the  irregularities  and  disturbances  to  which  they  are  subject,  as  affecting  the  work 
of  exploration  and  mining.  Examination  and  survey  of  mineral  properties;  rela- 
tion of  topography  to  geological  structure;  construction  of  maps  and  sections:  and 
tracing  of  probable  outcrops  as  a  guide  to  exploration.  Prospecting  by  ditches, 
pits,  and  deep  boring.  Development;  choice  of  methods;  location  of  openings. 
Working  of  deposits  and  support  of  excavations;  theoretical  considerations,  methods 
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^iiar!akfng  ?r°U,id  \n  coal,and  metal  mining,  and  support  of  mine  excavations  by 
Pillars  of  mineral,  by  timbering  by  masonry,  and  by  rock  filling;  methods  of 
working  applicable  to,  deposits  of  different  thickness,  inclination,  and  character 
Coal  mining;  vein  mining;  working  of  thick  deposits  and  soft-ore  bodies.  Salt 
mining.      Surface   working.      Hydraulic   mining  and  gold   dredging 

Required  of  students  in  the  courses  of  Mining  and  Metallurgical  Engineering 
Pre-requisite:   Geology  5-6.      Prerequisites   or  parallels:   Geology   105-106    M^n- 

3  Si  and  52--  AccfePled  t°gether  with  Mining  81  and  82,  or  with  Min  ng  56 
and  91,  as  a  minor  for  the  degree  of  A.M.  e 

56— Mine  Engineering.    3  hours,  fourth  year.    Professor  Munroe. 

Ventilation;  air  of  mines;  mine  gases;  methods  of  ventilation;  control  and 
ZIT^TS  °f-  • ir  cu7cnts-  Drainage:  sources  of  mine  waters;  methods  for  the 
control  and  raising  of  water;  dams;  drainage  levels.  Water  supply.  Surface 
handing  and  transportation;  arrangements  for  loading  and  unloading  cars  and 
vessels  and  for  storing  of  minerals.  Mineral  railroads.  Common  roads.  Acci- 
££ls  1°  me?  m  /hafts'  levels  and  working  places;  fire-damp  and  dust  explosions; 
fn"  mnJ mL  in"ndat.,onfs.;  rescue  ,and  reHef  of  men.  Mine  surveying,  mine  maps 
and  models.     Examination,  sampling  and  valuation  of  mines. 

«,?^?1iire<lf(?f  •stud,ents  *■  £,e  «*««  of  Mining  Engineering.  Pre-requisites  or 
S^w15^?1^"?  54K4and  ,71nl2'  Civil  Engineering  76  and  28.  Accepted  to- 
gether with  Mining  54  and  91,  as  a  minor  for  the  degree  of  A.M. 

71-72— Mine  Plant.    3  hours,  fourth  year.     Professor  Peele. 

Description  and  critical  discussion  of  the  machinery  and  appliances  employed  in 
the  equipment  of  mines;  design,  erection  and  care  of  plant.  Hoisting:  engines 
™twiWn7  r°Pe;.s.k'PS  and  cages,  head-frames;  calculation  of  power  required  and 
methods  of  equalizing  the  load  on  the  engine;  shaft-sinking  plant,  over-winding. 
Drainage:  buckets,  tanks  and  hand-pumps;  Cornish  and  direct-acting  underground 
pumps;  operation  of  pumps  by  electricity,  compressed  air,  and  hydraulic  power. 
Centrifugal  pumps  Ventilation:  underground  furnaces,  positive  blowers,  and 
centrifugal  fans;  theory  and  efficiencies  of  fans.  Air  compressors:  simple  and 
compound  (stage)  compression;  methods  of  dealing  with  heat  of  compression;  con- 
veyance of  compressed  air  in  pipes;  reheating;  operation  of  machinery  by  com- 
pressed air;  efficiencies.  Machine  drills;  coal-mining  machines  or  coal-cutters 
Handling  mineral  in  working  places.  Mine  cars;  arrangement  and  construction 
of  tracks.  Underground  haulage;  hand  tramming;  mule  haulage;  gravity  roads- 
steam  compressed-air,  and  electric  locomotives;  rope  haulage;  efficiencies;  compari- 
son of  systems  of  haulage. 

Required   of   students   in  the  course   of   Mining   Engineering.      Pre-requisite: 
•  nin,£.5?'  5X  and  54'  and  Mechanical   Engineering  13-14.     Accepted   together 
with  Mining  73  and  75,  as  a  minor  for  the  degree  of  A.M. 

73— Mine  Constructions,     i  hour,  fourth  year.     Professor  Peele. 

Building-stones;  bricks;  limes;  cements  and  concretes.  Foundations  of  various 
soils;  retaining  walls;  masonry  and  timber  construction,  with  special  reference  to 
mine   work;   mine  buildings;   trestles;   ore-bins. 

Required  of  students  in  the  courses  of  Mining:  and  Metallurgical  Engineering. 
Accepted  together   with   Mining  71-72  and  75,   or   with    Mining   81,    82   and 
75,  as  a  minor  for  the  degree  of  A.M. 

75 — Design  of  Mine  Plant.  4  afternoons,  fourth  year.  Professors 
Peele  and  Kurtz  and  Mr.  Judd. 

,  The  students  are  assigned  problems  in  the  design  and  construction  of  mine  plant, 
in  connection  with  the  development  of  a  mine.  This  work  supplements  the  lectures 
on  the  design  of  mining  machinery,  involving  reading  and  study,  and  the  prepara- 
tion of  working  drawings,  covering  certain  portions  of  the  plant,  together  with 
bnls  of  material,  specifications,  and  estimates.  As  these  drawings  are  intended  to 
accompany  and  illustrate  in  part  the  graduating  theses  or  projects,  the  designs  are 
made  in  accordance  with  the  subjects  and  conditions  therein  assigned.  The  work 
is  done  under  constant  supervision  and  advice  in  the  draughting-room. 

Required  of  students  in  the  course  of  Mining  Engineering.  Pre-requisite: 
Drafting  3-4,  7-8,  Civil  Engineering  53.  Parallel:  Mining  71-72.  Accepted 
together  with  Mining  71-72  and  73,  or  with  Mining  81,  82  and  73,  as  a  minor 
for  the  degree  of  A.M. 

77-78— Graduating  Thesis  or  Project.  Professor  Peele  (see 
page  37). 
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Mining    Thesis 

The  subjects  for  the  graduation  theses  are  assigned  during  the  third  year,  and 
are  made  a  part  of  the  regular  course  of  instruction.  The  subject  given  in  each 
case  is  the  problem  of  the  opening  and  development  of  a  mine,  supposed  to  be 
located  in  some  well-known  mining  district,  and  for  which  certain  definite  con- 
ditions as  to  size  and  character  of  ore  body,  amount  of  water  to  be  pumped,  and 
quantity  of  ore  to  be  mined,  are  assumed.  During  the  summer  field  work  in  min- 
ing the  student  incidentally  obtains  data  for  his  thesis  work.  This  information  is 
supplemented  by  study  of  books  and  technical  literature.  During  the  fourth  year 
he  decides  upon  the  proper  methods  for  opening,  developing,  and  working  the  prop- 
erty; and  makes  estimates  of  the  plant,  machinery  and  capital  required,  the  cost  of 
working  and  the  probable  profits.  He  also  works  out  in  detail  certain  portions  of  the 
proposed  mine  plant,  and  prepares  a  set  of  working  drawings,  bills  of  materials 
and  specihcations  therefor.  This  work,  done  under  the  supervision  of  competent 
instructors,  constitutes  both  a  review  and  a  series  of  practical  applications  of  the 
preparatory  studies  and  enables  the  students  to  discover  and  remedy  their  de- 
ficiencies, giving  them  confidence  in  their  ability  to  work  out  similar  problems  later. 

Required  of   students  in   the  course   of   Mining  Engineering.      Pre-requisites 
or  parallel:    All  the  required  courses  in  Mining. 

80— Mill  Constructions.     1  hour,  fourth  year.     Professor  Kurtz. 

Installation   and    operation    of  mechanical   power  transmission    and  auxiliary   ma- 
chinery  in   works   for  the   mechanical  treatment   of   minerals.      Dealing  with   shaft- 
ing, bearings,  pulleys,  belting,  rope  drives,  gearing,  etc. 
Pre-requisite :    Mechanical  Engineering  13-14. 

81— Ore  Dressing,  Milling,  and  the  Mechanical  Preparation  of 
Coal.     4  hours,   fourth  year.     Professor  Munroe. 

The  general  principles  and  theory  of  dressing;  preliminary  operations;  hand 
dressing;  cleansing;  crushing;  jigging  with  and  without  preliminary  sizing;  slime 
concentration;  magnetic  and  electro-static  separation;  oil  and  flotation  processes; 
milling  of  gold  and  silver  ores;  descriptions  of  typical  dressing  works  and  coal- 
washing  plants  in  this  country  and  abroad. 

Required   of  students   in   courses  of  Mining  and    Metallurgical   Engineering. 

Pre-requisites:  Mineralogy  1-2,  Physics  3-4.  Pre-requisite  or  parallel:  Me- 
chanics 102.  Accepted  together  with  Mining  54  and  82,  or  with  Mining  82,  73 
and  75  as  a  minor  for  the  degree  of  A.M. 


82— Ore-dressing   Laboratory.     Afternoon   work   for   three   weeks, 
fourth  year.     Professors  Munroe  and  Kurtz  and  Mr.  Judd. 

Mechanical  testing  of  ores  by  laboratory  methods;  working  tests  with  simple  appa- 
ratus;  adjustment  and  operation  of  concentrating  machines. 

Required   of  students   in   courses  of  Mining  and    Metallurgical   Engineering. 

Pre-requisite   or  parallel:   Mining  81.      Accepted  together   with  Mining  54  and 
81,  or  with  Mining  81,  73  and  75,  as  a  minor  for  the  degree  of  A.M. 

9i — Mine    Administration.      2    hours,    fourth     year.      Professors 
Munroe  and  Kurtz. 

Administration,  organization,  and  business  management,  mine  accounts,  and  cost 
sheets. 

Required  of  students  in  courses  of  Mining  and  Metallurgical  Engineering. 
Pre-requisite:  Mining  54.  Parallel:  Mining  56.  Accepted  together  with  Min- 
ing 54  and  56,  as  a  minor  for  the  degree  of  A.M. 
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94 — Mining  Law.    2  hours,  fourth  year.     Professor  Kurtz. 

General  principles  of  real  estate  law.  Historical  review  of  mining  laws  of  vari- 
ous countries.  Federal  laws,  concerning  locations  on  public  lands  of  the  United 
States.      State  and  territorial  mining  laws. 

Pre-requisite:  Civil  Engineering  27,  Mining  54. 

g5_Mining  Conference.     I  hour.     Mr.  Judd. 

(Optional.)  Reading  and  discussion  of  papers  by  the  students,  on  mining  prac- 
tice and  based  on  data  accumulated  in  the  course  of  the  summer  work  in  mining. 


Summer  Courses 

58 — Summer  Class  in  Mine  Surveying  is  held  in  June,  at  a  mine 
in  a  near  locality,  and  lasts  one  week.  Professors  Munroe  and  Kurtz 
and  Mr.  Judd. 

59— The  Summer  Courses  in  Practical  Mining.  Professors  Peele 
and  Kurtz  and  Mr.  Judd. 

Held  in  Tune  and  July,  at  some  mine  or  mines  selected  for  the  purpose,  in  the 
vacation  be'tween  the  third  and  fourth  years,  and  lasts  six  weeks  (for  details  see 
pages  29,  30). 

Pre-requisites  or  parallels:    Mining  51,    52  and   54,   Civil  Engineering   15,   27 
and  28,  Mechanical  Engineering  13  and  Geology  105-106. 

Graduate  Courses 

Special  courses,  consisting  of  personal  instruction,  reading  and  ex- 
perimental investigation,  will  be  arranged  for  advanced  students  ac- 
cording to  their  individual  needs  and  ability.  These  investigations  will 
be  made  at  mines  and  dressing  works  either  in  connection  with  the 
Summer  class  or  elsewhere  as  assigned,  with  additional  work,  as  re- 
quired, in  the  library  and  in  the  laboratories  of  the  department.  These 
courses  vary  in  difficulty  and  in  the  amount  of  time  necessary,  accord- 
ing as  the  student  is  a  candidate  for  the  degree  of  A.M.  or  Ph.D.,  and 
according  as  he  pursues  mining  as  a  major  or  a  minor  subject.  The 
time  required  is  governed  by  the  rule  that  a  course  or  courses  should 
occupy  about  18  hours  (outside  reading  and  study  included)  per  week 
if  taken  as  a  major  subject,  and  about  9  hours  per  week  if  taken  as  a 
minor  subject.  Any  of  the  following  may  be  offered  as  a  minor  for 
the  degree  of  A.M.  by  students  who  have  had  the  appropriate  pre- 
requisites : 

101-102— Mining  and  Ore  Dressing.  Mining  54,  81  and  82.  4  hours, 
with  laboratory  work  and  reading  as  required. 

103-104— Mining  Engineering.  Mining  54,  56  and  91.  4  hours 
lectures  and  reading  as  required. 

105-106— Design  of  Mine  Plant.  Mining  71-72,  73  and  75.  3  hours 
and  4  afternoons  drafting-room  work. 
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107-108— Design  of  Ore-dressing  Works.    Mining  80,  81,  82,  73  and 

75,   with   1   hour   conference   additional   first  half-year.     3   hours   and 
5   afternoons  laboratory  and  drafting-room  work. 

109-1 10— Mining.    All  the  undergraduate  courses  in  the  Department 

of  Mining. 

Under  the  regulations  for  the  degrees  of  A.M.  and  Ph.D.  the  following  courses 
may  be  offered  by  graduate  students  who  have  had  all  the  undergraduate  courses 
in  mining  or  their  equivalent. 

201-202 — Methods  of  Mining.  Critical  study  of  methods  used  in 
some  mining  region,  or  for  a  certain  class  of  deposits;  output  per  man, 
amount  of  timber  and  explosive  required,  and  other  details  affecting 
cost.  Study  of  conditions  as  determining  choice  of  method.  Deter- 
mination of  loss  of  mineral  in  mining.     Accidents  to  men. 

203-204 — Mining  Plant.  Critical  study  of  rock  drilling,  or  coal  cut- 
ting, or  hoisting,  or  haulage,  or  ventilating  plant  at  some  mine  or 
mines.     Determination  of  efficiency  and  conditions  affecting  same. 

205-206 — Deep  Mining.  Study  of  problems  of  deep  mining,  vertical 
versus  inclined  shafts,  hoisting  and  pumping  from  great  depths,  tem- 
perature and  ventilation,  efficiency  of  labor,  rock  pressure  as  affecting 
methods  of  mining  and  timbering. 

207-20S— Ore  Dressing.  Critical  study  of  some  detail  of  the 
ordinary  dressing  methods,  crushing,  or  screening,  or  classification,  or 
jigging,  or  slime  treatment,  or  dry  concentration,  or  magnetic  separa- 
tion, or  milling  of  gold  or  silver  ores,  or  mechanical  preparation  of 
coal.    Determination  of  efficiency,  and  of  conditions  essential  to  success. 

209-210— Examination  of  a  Coal-washing  Plant,  or  of  an  Ore- 
dressing  Plant.  4  to  6  weeks'  work  in  the  mill  and  in  the  laboratory, 
with  conferences. 

211 — Examination  of  a  Mineral  Property,  or  a  Mine.  4  to  6  weeks 
devoted  to  field  and  underground  work  in  the  summer  school  of 
practical  mining,  with  conferences  at  convenience  of  professor. 

213-214 — Economic  Studies  in  Mining.  Study  of  existing  con- 
ditions affecting  the  production  and  cost  of  some  mineral  or  metal, 
as,  for  example,  anthracite  coal,  copper,  or  gold. 

PHYSICAL  EDUCATION 

A 1- A2— Physical  Education.  7  lectures  on  personal  hygiene.  Dur- 
ing the  remainder  of  the  year  2  hours  a  week  of  athletics  and  ele- 
mentary graded  gymnastic  exercises.     Dr.  Skarstrom. 

B1-B2— Physical  Education.  7  lectures  on  sanitation  and  personal 
hygiene.  During  the  remainder  of  the  year  2  hours  a  week  of  athletics 
and  graded  gymnastic  exercises.     Professor  Meylan  and  Assistants. 
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PHYSICS   AND   MECHANICS 

Mechanics  i— Statics.  2  hours.  Professors  Burnside,  Hodge, 
Pegram,  and  Dr.  Webb. 

Class  is  divided  into  small  sections  for  recitations.  Coplanar  Statics  is  treated 
by  both  algebraic  and  graphical  methods.     Text:   Maurer's  Technical  Mechanics. 

Required   of  all  first  year  students  in    Engineering.     Pre-requisite:    Entrance 
Physics  and  Entrance  Mathematics    (including   Trigonometry). 

Physics  3-4— General  Physics:  Mechanics,  Wave-Motion,  Heat 
and  Light.  3  lectures  and  2  recitations.  Professor  Wendell,  Dr. 
Morse,  Mr.  Farwell,  Mr.  Severinghaus,  Mr.  Nelms,  Mr.  Scott. 

Mechanics— Newton's  laws  of  motion;  accelerated  linear  and  angular  motions; 
dimensions;  systems  of  weights  and  measures;  energy,  work,  power;  transforma- 
tions of  energy;  conservation  of  energy;  curvilinear  motion  with  applications; 
gravitation;  linear  and  angular  simple  harmonic  motion;  pendulum;  wave-motion; 
sympathetic   vibrations;    elements    of   hydrostatics. 

Heat — Nature  of  heat;  expansion;  thermometry;  calorimetry;  specific  heat;  me- 
chanical equivalent  of  heat;  change  of  state;  saturated  vapors  and  hygrometry; 
continuity  of  state;    conduction;   convection;   radiation. 

t  Light — General  discussion  of  wave-theory;  reflection;  refraction;  total  reflection; 
index  of  refraction  and  measurement;  lenses;  dispersion;  spherical  and  chromatic 
aberration;  optical  instruments;  photometry;  color;  fluorescence  and  phosphores- 
cence;   radiant  energy;    spectrum   analysis;    polarization   of  light. 

Required  of  all  first  year  students  in   Engineering.      Pre-requisite:    Entrance 
Physics  and  Entrance  Mathematics   (including  Trigonometry). 

Physics  5— Electricity.  3  lectures  and  2  recitations.  Professor 
Wendell  and  instructors. 

Phenomena  of  electrostatics;  capacity  and  condensers;  electrometers;  current 
electricity  and  methods  of  production;  Ohm's  law  with  applications;  Joule's  law 
with  applications;  thermo-electricity;  magnetic  action  of  currents  with  applications; 
electrical  units;  electro-magnetic  induction;  inductance. 

Required     of     all     second     year     students     in     Engineering.      Pre-requisite: 
Physics  3-4. 

Physics  43-44— Physical  Laboratory.  3  consecutive  hours  a  week 
throughout  the  year.  Professor  Wendell,  Dr.  Morse,  Mr.  Severing- 
haus, Mr.  Nelms,  Mr.  Scott,  Mr.  Hines,  Mr.  Jackson. 

This  course  consists  of  quantitative  experiments  with  reports  in  mechanics,  light, 
heat,    eiectncity,   and   magnetism.      Methods   of   computation,   plotting   and   the   pre- 
cision of  measurements  are  discussed  in  connection  with  the  experiments. 
Pre-requisite:    Physics  3-4.      Parallel:    Physics    5. 

Physics  105— Physical  Measurements.  2  hours.   Professor  Hallock. 

Critical   discussion  of  physical   measurements  and   computations. 
Pre-requisite:   Physics  3-4.     Parallel:    Physics   5. 

Mechanics  102— Mechanics.  5  hours.  Professors  Burnside,  Hodge, 
Pegram  and  Dr.  Webb. 

This  course  is  a  continuation  of  Mechanics  1,  using  the  same  text  book.  The 
class  is  divided  into  small  sections  for  recitations.  Statics  is  completed;  centers  of 
gravity  and  moments  of  inertia  of  areas  treated  with  aid  of  calculus;  displace- 
ment, velocity,  acceleration,  motions  of  translation  and  rotation,  work  and  energy, 
power,  efficiency,  impulse  and  momentum  are  all  treated  with  special  reference  to 
engineering  problems. 

Required    of   all   second   year   students   in   Engineering.      Pre-requisite:    Me- 
chanics 1,  Physics  3,  and  Mathematics  64-65. 
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Mechanics  101 — Mechanics.  The  same  course  as  Mechanics  102, 
but  given  in  the  first  term. 

Mechanics   105 — Thermodynamics.     2  hours.     Professor  Wills. 

An  idea  of  the  nature  of  the  course  may  be  obtained  from  the  following  topical 
headings:  The  nature  of  heat;  thermometry;  calorimetry;  heat  and  work  diagrams; 
the  First  Law;  applications  to  gases,  perfect  and  actual;  the  work  of  Carnot;  the 
Second  Law;  the  Kelvin  absolute  scale  of  temperature;  the  combination  of  the  two 
laws;  application  to  the  problem  of  change  of  state;  the  properties  of  saturated 
and  superheated  steam;  theory  of  the  "plug  experiment";  the  flow  of  fluids  from 
crifices. 

Pre-requisite:  Mechanics  102. 

Mechanics  107-108 — Theory  of  Electricity  and  Magnetism.  2  hours 
first  half-year,  3  hours  second  half-year.    Professor  Wills. 

The  fundamental  principles  of  electricity  and  magnetism  are  developed  and  dis- 
cussed with  particular  reference  to  the  bearing  which  they_  have  in  relation  to  _ the 
science  of  electrical  engineering.      The  course  concludes  with  an  introduction   into 
the  theory  of  alternating  currents. 
Pre-requisite:  Mechanics  102. 

Mechanics  109-110— Theory  of  Alternating  Current  Machines  and 
Theory  of  Electrical  Circuits.  4  hours  first  half-year,  3  hours  second 
half-year.     Professor  Pupin. 

Pre-requisite:  Mechanics  107-108. 

Mathematical  Physics  201 — Mechanics.    4  hours.    Professor  Wills. 

An  advanced  course  on  Mechanics  developed  with  special  reference  to  the  gen- 
eral methods  of  d'Alembert,  Lagrange,  Jacobi  and  Hamilton. 

Mathematical  Physics  205— Electricity  and  Magnetism.  4  hours. 
Professor  Pupin. 

Fundamental  phenomena;  derivation  of  Maxwell's  equations;  electrostatics;  mag- 
netostatics;   stationary   states;   variable  states;   dynamical  phenomena. 

Mathematical  Physics  206— Theory  of  Electrical  Circuits.  4  hours. 
Professor  Pupin. 

Briefly  stated,  this  course  covers  advanced  electro-mechanics,  that  is,  the  mathe- 
matical theory  of  generation  and  distribution  of  electrical  power  by  variable 
electromotive  forces.  It  deals  with  the  theory  of  construction  of  alternating  current 
generators,  motors,  and  transformers,  and  with  the  theory  of  the  construction  of 
transmission  lines  for  power  distribution,  telegraphy  and  telephony;  also  with  wire- 
less signalling. 

Mathematical  Physics  211-212— Partial  Differential  Equations  of 
Physics.    4  hours.     Professor  Wills. 

Laplace's  Equation;  Poisson's  Equation;  Equation  of  Heat  Conduction;  Teleg- 
rapher's Equation;  Fourier's  Series;   Spherical  Harmonics;  Bessel's  Functions. 

For  other  courses  in  physics  and  mathematical  physics  the  student  is 
referred  to  the  Announcement  of  the  Division  of  Mathematical  and 
Physical  Science. 
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SHOP  WORK 

The  shop  work  is  done  in  the  Macy  Building,  which  has  full  modern 
equipment,  including  the  best  types  of  improved  machine  tools  for  wood 
working  and  metal  working  in  shops  that  provide  for  groups  of  twenty 
to  twenty-four  students  to  a  section. 

Shop  work  in  wood  is  planned  to  lead  up  to  pattern  making  and 
foundry  work.  The  equipment  includes  benches  for  joinery  and  pattern 
making  with  the  necessary  hand  tools  and  individual  speed  lathes  for 
wood  turning,  a  motor-head  speed  lathe  of  large  size,  36-inch  band  saw 
and  trimmers  of  the  most  recent  type.  There  are  also  available  for 
working  up  stock  and  special  projects  a  saw  bench,  surfacer,  jointer, 
mortising  machine,  all  of  the  latest  type. 

Shop  work  in  metal  includes  foundry,  forging  and  machine-shop 
practice.  The  foundry  contains  molding  benches  for  twenty  students, 
and  necessary  tools  for  all  kinds  of  bench  work  in  snap  flasks,  floor 
molding,  loam  work,  and  the  application  of  sweeps  to  the  making  of 
molds,  together  with  melting  pits  for  the  melting  of  brass  and  bronzes 
and  a  cupola  for  melting  cast  iron.  In  the  forge  shop  there  are  twenty 
forges  with  anvils,  tools  and  vises,  a  30-pound  Bradley  power  hammer 
and  a  400-pound  Billings  and  Spencer  drop-press.  The  machine  shop 
contains  lathes,  swinging  from  twelve  to  twenty  inches,  planers,  drill- 
presses,  universal  milling  machines,  and  grinding  machines,  with  ex- 
amples of  direct-connect  motor  and  belt  drives  for  each.  A  Jones  and 
Damson  flat  turret-lathe  and  a  Warner  and  Swasey  screw  machine  are 
used  for  demonstrating  modern  methods  of  economical  repetition  pro- 
duction. In  conjunction  with  all  the  shops  there  is  a  well-equipped 
tool-room,  the  attendance  record  is  kept  by  a  time-keeper's  recording 
clock,  and  the  organization  and  atmosphere  of  a  commercial  shop  are 
aimed  at. 

1— Wood-turning  and  Pattern-making.     2  afternoons.     Mr.   Ross. 

Shopwork,  demonstrations  and  shop  visits.  The  construction  of  typical  patterns 
and  core  boxes,  solid,  split  and  piece,  involving  the  use  of  bench  tools  and  turning 
lathe.     Mechanical  Engineering.     Second  year. 

2— Molding  and  Foundry  Practice.    1  afternoon.     Mr.  Sleffel. 

Shopwork,  demonstrations  and  shop  visits.  Bench  molding  with  type  patterns, 
swept  work  in  green  sand  and  loam  and  molding  in  dry  sand.  Mechanical  Engi- 
neering.    Second  year. 

10S— Machine  Work.    Mr.  Walsh. 

As  below.  Mechanical  Engineering.  Section  I,  three  weeks  in  Tune:  Section  II, 
three  weeks  in  September.     Second  year. 

11— Machine  Work.    2  afternoons,  third  year.    Mr.  Walsh. 

Shopwork,  demonstrations  and  shop  visits.  Practical  work  with  the  lathe,  planer, 
drill,  shaper,  milling  machine,  grinder  and  turret  lathe.  Assembling,  erection  and 
rigger  s  work.     Mechanical  Engineering. 

12— Forging.    2  afternoons.     Air.  Sleffel. 

p  Shopwork,  demonstrations  and  shop  visits.  Management  of  fire,  shaping,  draw- 
ing, upsetting,  swaging,  welding,  tempering  and  die-forging.  Work  on  drop  and 
helve  hammers.     Mechanical  Engineering.     Second  year 
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13-14— Machine  Work.     1  afternoon.    Mr.  Walsh. 

As  above.     Electrical  Engineering.     Second  year. 

15— Forging  and  Foundry  Practice.     1  afternoon.     Mr.  Sleffel. 

As  above.     Civil  Engineering.     Second  year. 

16— Machine  Work.     1  afternoon.     Mr.  Walsh. 

As  above.     Civil   Engineering.     Second  year. 

iSS — Pattern-making,  Forging,  and  Machine  Work.  Three  weeks 
in  June.    Mr.  Ross,  Mr.  Sleffel  and  Mr.  Walsh. 

As  above.      Chemical   Engineering.     Second  year. 

ZOOLOGY 

7 — Sanitary  Biology.  2  afternoons  for  6  weeks.  Professor  Calkins 
and  Assistant. 

General  principles  of  biology.  Biological  activity — function,  metabolism,  sym- 
biosis, etc.;  special  biology — unicellular  animals  and  plants  of  drinking  waters, 
causes  of  trouble,  etc. 

Pre-requisite:  Bacteriology  101. 
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SCHEDULE  OF  PRE-REQUISITES  FOR  SUBJECTS  UNDER 
THE  FACULTY  OF  APPLIED  SCIENCE 


Subject 


Astronomy 

105 — Geodesy. 

106 — Geodesy. 
107 — Geodesy. 


(For  C.  E.) 

(For  C.  E.) 
(For  C.  E.) 


Prerequisite 


Math.    64-65    (Differential    and    Integral 

Calculus) 
Astron.  105  (Geodesy) 
Astron.  106  (Geodesy) 


Botany 

7 — Growth  and  Character  of  Timber 


Chemistry 


Subject 


3-4 — General  Inorganic 
7-8 — Inorganic 


101-102 — Advanced    Inorganic 

21-22 — Elementary    Physical    Chem- 
istry 

121-122 — Physical   Chemistry 


38 — Theoretical  Electro-Chemistry 


23-24 — Physical  Chemistry 
41-42 — Organic,  lectures 
43-44 — Organic  laboratory 
141 -142 — Organic,  general 


143-144 — Organic,  conferences 
ISO — Advanced     Organic.       (For 

Chem.  E.) 
61   or  62 — Qualitative  Analysis 

Parallel   Chem.    3-4    (General 

Inorganic) 
65 — Quantitative  Analysis  Inorganic 

66 — Quantitative  Analysis  Inorganic 

161-162 — Quantitative  Analysis  Inor- 
ganic 
163-164 — Quantitative  Analysis 

167-168 — Advanced  Inorganic  Analy- 
sis 


Prerequisite 

Entrance  Chemistry  or  Chem.A. 
Chem.  21-22    (Elementary  Physical 

Chemistry) 
Chem.  163-164    (Quantitative  Analysis) 
Chem.  83-84  (Industrial  Chemistry) 
Chem.  101-102   (Advanced  Inorganic) 
Chem.  171  (Organic  and  Sanitary  Analy- 
sis) 
Chem.  170  (Assaying) 
Chem.  183-184  (Industrial  Electro-Chem- 

lstry) 
Chem.  3-4  (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Analysis) 
Chem.  3-4   (General  Inorganic) 
Phys.    3-4    (Elementary   Mechanics   and 

General  Physics) 
Chem.  65  (Quantitative  Analysis) 
Phys.    3-4    (Elementary    Mechanics    and 

General  Physics) 
Math.    64-65    (Differential   and    Integral 

Calculus) 
Chem.  65    (Quantitative  Analysis,  Inor- 
ganic) 
Phys.    3-4    (Elementary    Mechanics   and 

General  Physics) 
Math.    64-65    (Differential   and    Integral 

Calculus) 
See   121-122 

Chem.  3-4  (General  Inorganic) 
Chem.  41-42  (Organic)  or  parallel 
Chem.      21-22      (Elementary      Physical 

Chemistry) 
Chem.    161-162    (Quantitative   Analysis, 

Inorganic) 
Chem.  141-142  (Organic)  or  parallel 
Chem.  41-42  (Organic) 

Entrance  Chemistry  or  Chem.A. 


Chem.   3-4  (General  Inorganic) 

Chem.  61  or  62  (Qualitative  Analysis) 

Chem.  3-4  (General  Inorganic) 

Chem.    61    or   62    (Qualitative   Analysis) 

Chem.  3-4  (General  Inorganic) 

Chem.  61  or  62  (Qualitative#  Analysis) 

Chem.  3-4  (General  Inorganic) 

Chem.  61  or  62   (Qualitative  Analysis) 

Chem.  101-102   (Advanced  Inorganic) 

Chem.  121-122  (Physical   Chemistry) 

Chem.  163-164  (Quantitative  Analysis) 
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Subject 
Chemistry  {Continued): 

171 — Organic  and  Sanitary  Analysis 


Prerequisite 


Chem.  41-42  (Organic) 
Chem.    1 61-162    (Quantitative    Analysis, 
Inorganic) 
1 73-1 74 — Advanced  Organic  Analysis    Chem.    171    (Organic  and   Sanitary  An- 
alysis) or  equivalent  work  in  Chem. 
271-272     (Special    methods    of    Or- 
ganic Analysis) 
Nu-      Chem.  41    (Elementary  Organic) 


176 — Chemistry    of    Food    and 

trition 
69  or   170 — Assaying 


160 — Special  Methods  of  Assaying 
Ores,  Alloys  and  Furnace 
Products 

81-82 — Industrial  Chemistry,  gen- 
eral course 

83  -84 — Industrial  Chemistry,  special 
course 

88 — Industrial  Chemistry,  labora- 
tory practice 

89 — Industrial  Chemistry,  labora- 
tory practice 

95-96 — Industrial  Chemistry 

97 — Chemical  Factory  Construction 
and  Apparatus 

98 — Chemical  Factory  Apparatus 
and  Machines 

80a — Factory  Inspection  and  Sum- 
mer Memoir.  (For  Chem.  and 
Chem.  E.)     (Second  Year) 

80b — Factory  Inspection  and  Sum- 
mer Memoir.  (For  Chem.  and 
without  memoir  for  Chem.  E.) 
(Third  Year) 

93-94 — Electro-Chemistry 

181  or  182 — Practical  Electro-Chem- 
istry 

183-184 — Industrial  Electro-Chem- 
istry 

Civil  Engineering 

2 — Theory  of  Surveying 

15 — Surveying  (between  First  and 
Second  Years) 

21 — Highway  Engineering 

23 — Theory  of  Railroad  Surveying 

25 — Surveying  (between  Second  and 
Third  Years) 

26 — Surveying  (between  Third  and 
Fourth  Years) 

27 — Surveying  (between  Second  and 
Third  Years) 

28 — Surveying  (between  Second  and 
Third  Years) 

Si-52 — Theory  of  Railroad  Survey- 
ing 

53-54 — Elasticity  and  Resistance  of 
the  Materials  of  Engineering 

55 — Standard  Methods  of  Water 
Analysis 

57a — Statistics  and  Interpretation 
of  Water   Analysis 

57b — Drainage  of  Marshes  and  Low- 
lands 

58 — Masonry  Structures 

59 — Sanitary  Engineering 

61 — Analytical  Theory  of  Trusses 


Chem.  3-4  (General  Inorganic) 
Chem.  61-62  (Qualitative  Analysis) 
Min.    1    (Descriptive  and  Determinative 

Mineralogy)  or 
Min.   7    (Descriptive  and   Determinative 

Mineralogy) 
Chem.  69  or  170  (Assaying) 


Chem.  3-4  (General  Inorganic) 

Chem.  81-82  (Industrial  Chemistry) 

Chem.  3-4  (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Analysis) 
Chem.  3-4  (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Analysis) 


Chem.    3-4 
Chem.   61    or  62 
^Chem.  41-42 
Chem.   65  or   Quantitative 


Chem.  65  (Quantitative  Analysis,  Inor- 
ganic) 

Chem.  65  (Quantitative  Analysis,  Inor- 
ganic) 


C.E.  2  (Theory  of  Surveying) 

C.E.  15  (Surveying) 
C.E.  15  (Surveying) 

C.E.  25  (Surveying) 

C.E.  15  (Surveying) 

C.E.  23  (Theory  of  Railroad  Surveying) 
C.E.  27  (Surveying) 
C.E.  15  (Surveying) 

Mech.  102  (Analytical  Mechanics) 

Zoology  7  (Sanitary  Biology) 
C.E.  59  (Sanitary  Engineering) 
Zoology  7  (Sanitary  Biology) 
C.E.  59  (Sanitary  Engineering) 
Zoology  7  (Sanitary  Biology) 
C.E.  59  (Sanitary  Engineering) 
Mech.  102   (Analytical  Mechanics) 
Min.  5  (Minerals  of  Building  Stones) 
Chem.  81-82   (Industrial    Chemistry) 
Mech.  102  (Analytical  Mechanics) 
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Subject 
Civil  Engineering  {Continued) 


62 — Graphic  Statics 

64 — Graphic    Statics     (abridged 

course) 
71 — Surveying   (between  Third  and 

Fourth  Years) 


Prerequisite 


Mech.  102  (Analytical   Mechanics) 
Mech.  102  (Analytical  Mechanics) 


I  C.E.  51-52   (Theory  of  Railroad  Survey- 

I  ing) 

C.E.  25  (Surveying) 
Mech.  102  (Analytical  Mechanics) 
(For  E.M.)     (C.E.      Mech.  102  (Analytical  Mechanics) 


75 — Hydraulics 
76 — Hydraulics. 

75  abridged) 
77 — Hydraulics.  (For  E.E.) 
78— Hydraulics.  (For  M.E.) 
85 — Foundations 

87-88— The  Design  and  Construc- 
tion of  Bridges,  Roofs  and 
Buildings.  (For  Sanitary  Engs.) 

89-90 — Railroad  Engineering 

94 — Design    and     Construction     of 

Sewers,  and  River  and  Harbor 

Improvements 
95 — Engineering   Contracts   and 

Specifications 
96 — Principles  of  Hygiene,  Sanitary 

Science  and  Public  Health 


98 — Water-Supply    and     Irrigation 

Engineering 
99-ioo — Graduation  Thesis 


Drafting 


1  or  2 — Elements     of     Mechanical 

Drafting 
3  or  4 — Descriptive  Geometry 
5  or  6 — Graphics 


7  or  8 — Structural  Drafting 


Economics 

2 — Introduction  to  Economics 

Electrical  Engineering 

2 — Elements^    of     Dynamo     Electric 

Machinery 
4 — Electric  Distribution 

(For  E.M.   Met.E.  and  C.E.) 

Parallel  E.E.  72  (Direct  Cur- 
rent Laboratory) 
52— Design   of   Direct   Current   Ma- 
chinery 
54— Design  of  Alternating  Current 
Machinery 

Parallel    Mech.    no    (Th.    of 
Variable     Currents)     and     E.E. 
175-176 
72 — Direct  Current  Laboratory 

Parallel  E.E.  4   (Electric  Dis- 
tribution) 

73— Direct     Current    Laboratory. 

(For  M.E.) 
Parallel    E.E.    101     (Dynamo 

and  Motor  Practice) 
75 — Alternating  Current  Laboratory. 

(For   E.M.    and   M.E.)     (Short 

•course) 


Mech.  102  (Analytical  Mechanics) 

Mech.  102  (Analytical  Mechanics) 

C.E.  58  (Masonry   Structures) 

Geol.  18  (General  Geology) 

CE.  53-54  (Elasticity  and  Resistance  of 
the   Materials   of   Engineering) 

C.E.  61  (Analytical  Theory  of  Trusses) 

C.E.  62  (Graphic  Statics) 
j  C.E.  71  (Surveying) 
I  C.E.  26  (Surveying) 

C.E.  75  (Hydraulics) 


57a  (Statistics  and  Interpretation  of 
Water  Analysis) 

57b  (Drainage  of  Marshes  and  Low- 
lands) 

C.E.  26  (Surveying) 

C.E.  75  (Hydrauucs) 


Draft.   1  or  2   (Elements  of  Mechanical 

Drafting) 
Draft.  3  or  4  (Descriptive  Geometry) 
Draft.   1  or  2  (Elements  of  Mechanical 

Drafting) 
Draft.  3  or  4  (Descriptive  Geometry) 


Phys.  3-4  (Elements  of  Electrical  Engi- 
neering) 

E.E.  2.  (Elements  of  Dynamo  Elect. 
Mach'y) 

Phys.  5 

E.E.  2  (Elements  of  Dynamo  Elect. 
Mach'y) 

E.E.  52  (Design  of  Direct  Current  Ma- 
chinery) 

Mech.  108 


E.E.     2     (Elements    of    Dvnamo     Elect. 

Mach'y) 
Phys.  5  (Electricity   and   Magnetism) 
Phys.   43  or  44    (Phys.   Laboratory) 
E.E.     2     (Elements    of     Dynamo     Elect. 

Mach'y) 
Phys.  5  (Electricitv  and   Magnetism) 
Phys.   43   or  44    (Phys.   Laboratory) 
E.E.  4  (Electric  Distribution) 
E.E.  72  (Direct  Current  Laboratory)   or 
E.E.  73  (Direct  Current  Laboratory) 
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Subject 
Electrical  Engineering   {Continued)  : 


Prerequisite 


76 — Alternating  Current  Laboratory. 
(For  C.E.) 

98— Thesis   (Optional) 

Parallel    Subjects    of    Fourth 
Year 
101 — Generator  and  Motor  Practice 
Parallel    E.E.    73    or    173-174 
(Direct     Current     Laboratory) 

103 — Electric  Motors.     (For  E.E.) 

103A — Electric  Motors.     (ForM.E.) 
104 — Electric  Distribution 

105 — Alternating  Current  Engineer- 
ing.   (For  E.E.) 

1 05  A — Alternating  Current  Engi- 
neering.    (For  M.E.) 

106 — Electric  Plants 
107-108 — Plant  Inspection 

Parallel  course  E.E.   105 


E.E.  4  (Electric  Distribution) 
E.E.  72  (Direct  Current  Laboratory)   or 
E.E.  73  (Direct  Current  Laboratory) 
All  courses 


E.E.    2     (Elements    of 
Mach'y)   and   Phys. 


Dynamo 
5 


Elect. 


(  E.E.  10, 
^E.E.  17- 
(  torj 


ioq-iio — Telegraphy  and  Telephony 
112 — Electric  Railway.     (For  E.E.) 

1 1 2 A— Electric  Railway.    (For  C.E.) 

173-174 — Direct  Current  Laboratory 
Parallel    E.E.    10 1     (Dynamo  - 
and  Motor  Practice) 

175-176 — Alternating    Current    Lab- 
oratory 

Parallel  Mech.  109  (Theory  of 
Alternators  and  Transformers), 
Mech.  no  (Theory  of  Variable 
Currents),  E.E.  103  (Electric 
Motors)  and  105  A.  C.  Eng. 

177 — Instrument  Laboratory 


04  (Electric  Distribution) 
•3-174  (Direct    Current    Labora- 
T) 
J  E.E.  4  (Electric  Distribution) 
I  E.E.  73  (Direct  Current  Laboratory) 
Phys.     5     and     E.E.     2     (Elements     of 

Dynamo  Elect.  Mach'y) 
E.E.  104  (Electric  Distribution) 

E.E.  4  (Electric  Distribution) 

E.E.  101  (Dynamo  and  Motor  Practice) 

E.E.  104  (Electric  Distribution) 
E.E.  104  (Electric    Distribution) 
E.E.  173-174  (Direct    Current  Labora- 
tory) 

E.E.  2  and  E.E.    104 
E.E.  173-174  and  E.E.  104 
E.E.  72 
E.E.  4 

E.E.  2  (Elements  of  the  Dynamo) 
Phys.   5  and  43  or  44 

E.E.  104  (Electric  Distribution) 
E.E.    173-174    (Direct    Current    Labora- 
tory) 


Geology 


4 — Petrography 

5-6 — General  Geology' 

16 — Index  Fossils 

18 — General  Geology 

19 — Physiographic  and  Applied 
Geology 

51 — Principles  of  the   Formation  of 
Sedimentary  Deposits 

52 — Discussion  of  Secondary  Struc- 
tural Features 

105-106 — Economic  Geology 

1 07- 1 08 — Invertebrate  Palaeontology 

no — Geological    Examinations    and 
Surveys 

112 — Field  Geology 


20 1  -202 — Petrology 


E.E.    173-174    (Direct   Current   Labora- 
tory) 


Min.  6  (Optical  Mineralogy) 

Min.   1-2  (Descriptive  and  Determinative 

Mineralogy)    Parallel    course 
Geol.    5-6    (General   Geology) 
Min.  5  (Minerals  of  Building  Stones) 
Geol.  18   (General  Geology) 

Geol.  6  (General  Geology)  or 
Geol.  18  (General  Geology) 
Geol.  6  (General  Geology)  or 
Geol.  18  (General  Geology) 
Geol.  6  (General  Geology) 
Antecedent  work  in   Geology 
Geol.  105-106  (Economic  Geology) 

Geol.  6  (General  Geology) 
Geol.    105-106    (Economic   Geology)    de- 
sirable, not  prerequisite 
Geol.  4  (Petrography) 


Law 


2 — Business  Law 


Mathematics 

1  (or  2) — Algebra 

64  (or  67) — Calculus 

3  (or  4) — Analytical  Geometry 

65  (or  68)— Calculus 


Entrance  Mathematics 
Math.    3    (Anal.   Geometry) 
Entrance  Mathematics 
Math.    3    (Anal.    Geometry)    and    Math. 
64    (Calculus) 
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Subject 
Mechanical  Engineering 

11-12 — Steam  Power  Machinery. 

(For  M.E.) 
13-14— Steam   Power  Machinery. 


(Short  M.E. 
than  M.E.) 


11-12)    (For  other 


Prerequisite 


Phys.   3   (Elementary  Mechanics  and 

Heat) 
Phys.   3   (Elementary  Mechanics  and 

Heat) 


17- 


(  M.E.  11-12  (Steam  Power  Machinery)  or 
[8 — Engineering  Thermodynamics  <  M.T 

/  Me 


19-20 — Engine  Design 


22 — Gas  Power 

25 — Steam  Power 

31-32 — Standard  Tests  and  Research 
Methods 

Parallel    M.E.     17-18     (Engi- 
neering Thermodynamics) 

33 — Standard  Tests  and  Research 
Methods  (Continuation  of  M.E. 
31-32) 

35-36 — Kinematics  of  Machinery 

37 — Machine  Design 

39-40 — Machine  Design 
Parallel  C.E.  5 3 

41 — Machine  Design   (Short  course 
of  M.E.  39-40) 
Parallel  C.E, 

46 — Water    Power 


,E.  13-14  (Steam  Power  Machinery) 
Mech.  102  (Analytical  Mechanics) 
M.E.  39-40  (Machine  Design) 
M.E.  11-12  (Steam  Power  Machinery) 
M.E.  17-18  (Eng.  Thermodynamics) 
M.E.  19  (Engine  Design) 
M.E.  33  (Standard  Tests  and  Research 

Methods 
M.E.  96S  (Steam  Power  Plant   Summer 

Work) 
M.E.  11-12  (Steam  Power  Machinery) 


fM.E. 
M.E. 


M.E.    31-32    Std.    Tests    and    Research 

Methods 

.  96S  (Steam  Power  Plant  Summer 
I         Work) 
Math.  3-4  (Analytical  Geometry) 
Drafting  7 

M.  E.  35-36  (Kinematics  of  Machinery) 


S3 


52 — Organization    and   Management 


(  M.E.  35-36  (Kinematics   of  Machinery) 
(For  M.E.)  <  M.E.   60  Hydraulic  Laboratory 

I  C.E.  78  (Hydraulics) 

i  M.E.  63    Hydraulic  Laboratory 
(For  C.E.)  ]  C.E.  75  (Hydraulics) 

(  M.E.  78  (Kinematics  of  Machinery) 


Parallel  M.E. 
53 — Steam  Turbines. 


54 — Shop  Processes 


68 
(For  M.E.) 


56 — Water  Power  Installations 

Parallel  M.E.   60   (Hydraulic 
Laboratory) 
59 — Empiric  Design 


(  M.E.  17-18  (Eng.  Thermodynamics) 
1  M.E.  31-32  (Standard  Tests,  etc.) 
/•t^-  r  p  \  J  M.E.  17-18  (Eng.  Thermodynamics) 
(tor  h..Ji.)  (  M  £   ?6  (Standard  Tests>  etCt) 

M.E.  94S  (Shop   and   Factory:    Summer 

Work) 
M.E.  39  (Machine  Design) 
C.E.  77  (Hydraulics) 


Draft. 


(For 


78. 


60 — Hydraulic  Laboratory, 

'Parallel  (For  M.E.)  C.E. 
(Hydraulics) 
62 — Refrigerating  Machinery 
Parallel  M.E.    18    (Eng. 
Thermodynamics) 
63 — Hydraulic  Laboratory 

Parallel  C.E.  75  (Hydraulics) 
64 — Air  Machinery 
66 — Elevators  and  Conveyors 
68 — Shops    and    Factories 

Parallel  M.E.   52    (Organization 
and    Management) 
70 — Pumping  Machinery 

Parallel  C.E.  78  (Hydraulics) 
72 — Gas  Power 
74 — Gas    Power 

76— Standard  Tests.      (Fcr  E.M., 
Chem.E.  and  Met.E.) 

(For  E.E.) 


or  2  (Elements  of  Mechanical 
Drafting) 
C.E.  77  (Hydraulics) 


M.E.  17  (Eng.  Thermodynamics) 


M.E.  17  (Eng.  Thermodynamics) 
M.E.  39  (Machine  Design) 
E.E.  103  (Electric  Power) 


M.E.  17  (Eng.  Thermodynamics) 


M.E.  17-18  (Eng.  Thermodynamics) 
M.E.  17-18  (Eng.  Thermodynamics) 
M.E.  13-14  (Steam  Power  Machinery) 
M.E.  17  (Eng.  Thermodynamics) 
M.E.  17-18  (Eng.  Thermodynamics) 
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Subject 
Mechanical  Engineering  {Continued) 


Prerequisite 


77 — Standard  Tests. 
Chcm.E.) 


(For  C.E., 


78 — Kinematics 

y.jS — Shop    and 

Work 


Factory    Summer 


82 — Heating  and  Ventilation 
96S — Steam  Power   Plant  Summer 
Work 


j  M.E.  13-14  (Steam  Power  Machinery) 

I  M.E.  17  (Eng.  Thermodynamics) 
M.E.  17-18  (Eng.  Thermodynamics) 
M.E.  76  (Standard  Tests,  etc.) 
Math.  3-4  (Analytical   Geometry) 

f  Sh.Wk.  1  (Wood   Turning   and.  Pattern 

I  Making) 

-j  Sh.Wk.  2  (Molding  and  Foundry   Prac- 

I  tice) 

I  Sh.Wk.  12  (Forging) 
M.E.  17-18  (Eng.  Thermodynamics) 
M.  E.  31-32  (Standard  Tests,  etc.) 
M.E.  17-18  (Eng.  Thermodynamics) 


Metallurgy 


101 — General  Metallurgy 


Phys%  3-4  (Elementary  Mechanics  and 
General  Physics) 

Chem.  3-4  (General  Inorganic  Chemis- 
try) 

Met.  101  (General  Metallurgy) 

Met.  in  (Metallurgy  of  Copper) 


in — Metallurgy  of  Copper 

118 — Metallurgy  of  Copper.  (Ad 
vanced  Course) 

122 — Metallurgy    of    Lead,     Silver,      Met.  111  (Metallurgy  of  Copper) 
Gold  and  Zinc 

128 — Metallurgy  of  Lead,  Silver, 
Gold,  Zinc  and  the  Minor  Met- 
als.     (Advanced  Course) 

131 — Metallurgy  of  Iron  and  Steel 
Prerequisite   or  Parallel  Met. 
101    (General  Metallurgy) 

134 — Metallurgy  of  Iron  and  Steel 


Met.    122    (Metallurgy  of   Lead,    Silver, 
Gold  and  Zinc) 


138 — Metallurgy  of  Iron  and  Steel. 

(Advanced  Course) 
141 — Electrometallurgy 


1 48 — Electrometallurgy.     (Advanced 

Course) 
151 — Constitution  and  Properties  of 

Alloys 

155-6 — Metallography  of  Iron,  Steel 

and  Industrial  Alloys 
158 — Constitution  and  Properties  of 

Alloys.     (Advanced  Course) 
72 — Metallurgical   Laboratorv 

Parallel  Met.  122  (Metallurgy 

of  Lead,  Silver,  Gold  and  Zinc) 
1 7 1-2 — Metallurgical    Laboratory 

1 75 — Metallurgical   Investigation 

Parallel  Met.  131  (Metallurgy 
of  Iron  and  Steel,  and  Met.  141 
(Electrometallurgy)  _ 

64S — Summer     Course    in     Ferrous 
Metallurgy 

66S — Summer    Course    in    Non-fer- 
rous Metallurgy 

177 — Metallurgical    Plant    Construc- 
tion 


Phys.    3-4    (Elementary    Mechanics   and 

General  Physics) 
Chem.  3-4  (General  Inorganic  Chemistry) 
Phys.    3-4    (Elementary    Mechanics    and 

General  Physics) 
Chem.  3-4  (General  Inorganic  Chemistry) 
Met.  131  (Metallurgy  of  Iron  and  Steel) 

Phys.    3-4    (Elementary    Mechanics    and 

General  Physics) 
Chem.  3-4  (General  Inorganic  Chemistry) 
Met.  141  (Electrometallurgy) 

Phys.    3-4    (Elementary   Mechanics    and 

General  Physics) 
Chem.  3-4  (General  Inorganic  Chemistry) 
Met.  131  (Met.  of  Iron  and  Steel)  or 
Met.  134  ''Metallurgy  of  Iron  and  Steel) 
Met.  151  (Constitution  and  Properties  of 

Alloys) 
Met.  in  (Metallurgy  of  Copper) 


Met.    122    (Metallurgy   of   Lead,    Silver, 

Gold  and  Zinc) 
Met.    122    (Metallurgy  of   Lead,    Silver, 

Gold  and  Zinc) 
Met.    171    (Metallurgical   Laboratory) 

Met.  101   (General  Metallurgy) 


Met.  122  (Metallurgy  of  Lead,  Silver, 
Gold  and  Zinc) 

Draft.  7  or  8    (Structural  Drafting) 

C.E.  53  (Elasticity  and  Resistance  of 
Materials) 

Met.  64S  (Summer  Course  in  Ferrous 
Metallurgy) 

Met.  66S  (Summer  Course  in  Non-fer- 
rous Metallurgy) 
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Mineralogy 


Subject 


i-2 — Descriptive    and    Determinative 

Mineralogy 
5 — The  Minerals  of  Building  Stones 

6 — Optical  Mineralogy 


7-8 — Descriptive  and  Determinative 
Mineralogy.  (Modification  of 
Min.    i) 

1 5- 1 6 — Mineralogy 


Prerequisite 


Entrance  Chemistry 

Entrance  Physics 

Entrance  Chemistry 

Entrance  Physics 

Min.    5    (Minerals  of   Building   Stones) 

or  part  of 
Min.  1-2  (Descriptive  and  Determinative 

Mineralogy)  or  equivalent 
Entrance  Chemistry 
Entrance  Physics 

Entrance  Chemistry 
Entrance  Physics 


Mining 


Si — Excavation  and  Tunneling. 

52 — Boring  and  Shaft   Sinking 
53 — Excavation,      Tunneling 


ing  and  Shaft  Sinking.)      ^For 
C.E.)      (Condensation 


Bor- 

(For 

of   E.M. 

51   and  52) 

54 — Exploration,    Development,    and 

Methods     of     Working.       (For 

E.M.  and  Met.E.) 

Prerequisite  or  Parallel 

56 — Mine  Engineering 

Prerequisite  or  Parallel 


71-72 — Mine   Plant 


73 — Mine  Constructions.    (For  E.M. 

and  Met.E.) 
75 — Design   of   Mine   Plant 

Parallel    E.M.     71-72     (Mine 

Plant) 
77-78— Graduating  Thesis  or  Project 
80 — Mill   Constructions 
81 — Ore  Dressing,   Milling,   and  the 

Mechanical  Preparation  of  Coal. 

(For  E.M.  and  Met.E.) 


82 — Ore-Dressing  Laboratory.     (For 

E.M.  and  Met.E.) 
91— Mine  Administration.  (For  E.M. 

and  Met.E.) 

94— Mining    Law.      (For    E.M.    and 
Met.E.) 

95 — Mining  Conference.    (Optional) 
58— Summer  Class  in  Mine  Survey- 
ing 
59 — Summer     Course    in     Practical 
Mining 


Entrance  Mathematics 

Entrance  Chemistry 

Entrance  Physics 

E.M.  51   (Excavation  and  Tunneling) 

Entrance  Mathematics 
Entrance  Chemistry 
Entrance  Physics 


Geol.   105-106  (Economic  Geology) 
E.M.  52  (Excavation  and  Tunneling) 

E.M.  71-72  (Mine  Plant) 

C.E.  76  (Hydraulics) 

C.E.  28   (Surveying) 

E.M.  54  (Exploration,  Development  and 

Methods  of  Working) 
M.E.  13-14  (Steam  Power  Machinery) 


Draft.  7  or  8   (Structural  Drafting) 
C.E.    53    (Elasticity    and    Resistance    of 

Materials) 
All  required  subjects  in  Mining 
M.E.   13-14  (Steam  Power  Machinery) 
Mm.    1    (Descriptive  and    Determinative 

Mineralogy) 
Phys.    3-4    (Elementary    Mechanics    and 

General   Physics) 
Mech.  102  (Analytical  Mechanics) 
E.M.  81  (Ore  Dressing,  Milling,  and  the 

Mechanical  Preparation  of  Coal) 
E.M.  54   (Exploration,  Development  and 

Methods  of  Working) 
C.E.  27  (Surveying) 
E.M.   54   (Exploration,  Development  and 

Methods  of  Working) 

C.E.   27    (Surveying) 

M.E.    13-14    (Steam    Power  Machinery) 
E.M.  54  (Exploration.    Development  and 
Methods  of  Working) 


Physical  Education 


A1-A2 
B1-B2 


Phys.  Ed.  Ai-Ar 


SCHEDULE  OF  PREREQUISITES 


119 


Subject 
Physics  and  Mechanics 

Mcch.  1 — Mechanics:  Statics. 


Phys.  3-4 — General  Physics:  Me- 
chanics, Wave-motion,  Heat  and 
Light 

Phys.   5 — Electricity 


Phys.  43-44 — Physical   Laboratory 

Parallel  Phys.  5 
Phys.    105 — Physical    Measurements 

Parallel  Phys.  5 
Mech.  102 — Mechanics 


Mech.  105 — Thermodynamics 

Mech.  107-108 — Theory  of  Electricity 

and   Magnetism 
Mech.    1 09-1 10 — Theory  of  Alternat- 
ing     Current      Machines  _  and 
Theory  of  Electrical  Circuits 


Prerequisite 


Entrance  Physics 

Entrance    Mathematics    (including   Trig- 
onometry) 

Entrance  Physics 

Entrance    Mathematics    (including    Trig- 
onometry) 

Phys.  3-4  (Mechanics,  Wave-Motion, 
Heat  and  Light) 

Phys.  3-4  (Mechanics,  Wave-Motion, 
Heat  and  Light) 

Phys.  3-4  (Mechanics,  Wave-Motion, 
Heat  and  Light) 

Mech.    1    (Mechanics:    Statics) 

Phys.   3    (Mechanics,  Wave-Motion,  and 
first  part  of  Heat) 

Math.    64   and   65    (Differential   and   In- 
tegral   Calculus) 

Mech.    102    (Mechanics) 

Mech.    102    (Mechanics) 


Mech.    107-108    (Theory 
and    Magnetism) 


of    Electricity 


Shop  Work 


1 — Wood-turning  and  Pattern  Mak- 
ing.    (For  M.E.) 
2 — Molding  and  Foundry  Practice. 

(For  M.E.) 
1  oS— Machine  Work.    (For  M.E.) 
11— Machine  Work.    (For  M.E.) 
12 — Forging.     (For  M.E.) 
13-14— Machine  Work.      (For  E.E.) 
15 — Forging  and  Foundry   Practice. 

(For  C.E.) 
16— Machine  Work.    (For  C.E.) 
18S — Pattern -making.  (For  Chem.E.) 


Zoology 

7 — Sanitary  Biology 


Bacteriology  101  (Sanitary  Bacteriology) 
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GENERAL   INFORMATION 
REGARDING   COLUMBIA   UNIVERSITY 

Students  in  the  Schools  of  Mines,  Engineering  and  Chemistry  may 
enjoy  every  advantage  to  be  derived  from  the  resources  of  the  Uni- 
versity. The  University  occupies  thirty-five  buildings,  and  its  grounds 
cover  thirty-five  acres.  The  number  of  officers  of  instruction  in  1910-11 
was  761,  and  of  resident  students  7,429. 

University  The  Library  contains  about  450,000  bound  volumes, 

Library  catalogued  both  by  authors  and  by  subjects. 

It  is  open  each  week-day  from  8.30  A.M.  until  II 
p.m.  (in  summer,  10  p.m.).  All  students  and  graduates  have  free 
access  and  may  draw  books  for  home  use. 

Physical  The  Gymnasium  is  open  each  week-day  from  9.00 

Exercise  a.m.  to  7  p.m.;  and  on  Mondays,  Thursdays,  and  Satur- 

days until  10  p.m. 

Every  student  is  entitled  to  a  physical  examination  by  the  Medical 
Director  and  to  advice  as  to  the  kind  and  amount  of  exercise  best 
adapted  to  his  needs.     For  the  Gymnasium  fee  see  page  18. 

The  main  exercising  room  is  35  feet  high,  semicircular  in  shape, 
and  has  an  area  of  16,000  square  feet.  It  is  well  lighted  and  well 
ventilated.  Above  are  the  10-lap  running  track,  rooms  for  fencing, 
boxing,  and  handball,  dressing-rooms  with  1,804  steel  lockers,  and 
32  shower-baths.  Below  the  exercising  room  is  the  semicircular 
swimming  pool,  100  feet  by  50,  and  4  to  10  feet  deep,  and  shower-, 
needle-,  and  tub-baths. 

A  two-hour  course  in  Physical  Education  is  prescribed  for  all  first 
and  second  year  undergraduate  students,  arranged  with  a  view  to  secur- 
ing: first,  health;  second,  strength,  control,  efficiency,  and  endurance; 
third,  erect  carriage. 

There  are  on  South  Field  a  practice  field  for  baseball,  lacrosse, 
and  football,  a  quarter  mile  running  track,  tennis  courts,  and  the  Uni- 
versity Boat  House  is  within  easy  reach. 

Employment  The  Employment  Committee  endeavors  to  give  stu- 

Committee  dents  who  need  it  the  opportunity  to  earn  enough  for 

partial  or  complete  support,  and  to  extend  assistance 
in  other  ways.  The  office  of  the  secretary  of  the  Committee  is  in 
Room  312,  East  Hall.  Communications  should  be  addressed  to  the  Com- 
mittee. Some  of  the  openings  available  are :  private  tutoring,  trans- 
lating, addressing,  copying  of  various  sorts,  teaching  in  evening  schools, 
stenography.  During  the  year  1909-10  the  student  earnings  reported 
to  the  Committee  amounted  to  $166,777.49. 
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Preference  is  naturally  given,  in  case  of  a  choice  of  applicants,  to 
those  who,  as  strangers  in  New  York,  are  not  likely  to  hear  of  posi- 
tions through  other  channels.  No  prospective  student  should  come  to 
Columbia  expecting  to  depend  entirely  or  even  largely  upon  the  assist- 
ance of  the  Committee,  and  every  student  should  be  prepared  to  meet 
at  least  the  expenses  of  the  first  half-year— say  $250. 

The  chiefs  of  clinic  in  the  Medical  School  give  advice  without  charge 
to  students  on  the  lists   of  the  Committee. 

There  are  also  Appointment  Committees  whose  duty  it  is  to  recom- 
mend graduates  for  teaching  or  other  positions  in  colleges  and  uni- 
versities and  to  assist  competent  men  to  obtain  such  positions. 

Medical  A  University   Medical   Visitor  renders   medical    as- 

Visitor  sistance  to  students  without  family  physicians  in  New 

York  for  a  remuneration  to  be  arranged  between  him- 
self and  individual  patients.  The  medical  visitor  is  Dr.  D.  S.  D.  Jessup, 
office  hours  5  to  6  daily,  at  542  West  112th  Street  (telephone,  6382 
Morningside). 

Residence  There    are    two    University   dormitories    on    South 

Halls  Field,  with  accommodations  for  500  men ;  Hartley  Hall, 

a  memorial  to  the  late  Marcellus  Hartley,  and  Living- 
ston Hall,  named  in  memory  of  Robert  R.  Livingston,  of  the  class  of 
1765.  Each  building  is  137  feet  by  60  and  10  stories  high.  They  have 
electric  light,  steam  heat,  telephones,   elevator  and  shower  baths. 

The  two  Halls  contain  600  outside  rooms,  both  single  and  double, 
which  may  be  rented  singly  or  in  suites.  The  bedrooms  average  8  feet 
by  14.6,  and  the  studies  10  by  14.6.  All  are  9  feet  high.  Each  bedroom 
has  a  clothes-closet  and  an  enamelled  basin  with  hot  and  cold  water, 
and  is  provided  with  heavy  oak  furniture. 

The  entrance  to  each  building  faces  the  campus,  and  leads  directly 
into  an  assembly  room  60  feet  square.  This  room  runs  up  through  two 
stories  and  has  a  large  open  fireplace  opposite  the  entrance. 

The  weekly  charge  for  a  single  room  ranges  from  $2.60  to  $4.75  for 
the  academic  year  of  thirty-nine  weeks.  A  pamphlet  with  floor  plans 
and  rental  charges  and  containing  the  Hall  Regulations  may  be  had 
upon  application  to  the  Secretary  of  the  University.  Rooms  will  be 
assigned  in  the  order  of  receipt  of  applications,  which  should  be  made 
on  a  blank  provided  by  the  Superintendent  of  Buildings  and  Grounds. 

University  The  University  Commons    (under   student  manage- 

Commons  ment)  for  the  accommodation  of  the  men  living  in  the 

Residence  Halls  is  conducted  upon  a  system  combin- 
ing table  d'hote  and  a  la  carte.  The  Commons,  which  has  accommo- 
dations for  450  men,  is  in  University  Hall,  and  is  open  daily  from 
7.30  a.m.  to  7  p.m.     There  is  also  a  large  buffet  lunch  room. 
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Other  Besides  the  dormitories  and  the  Greek  Letter  Society 

Accommo-  club-houses  there  are  many  good  boarding-houses  and 

dations  apartments   near  the  University,   a  card-catalogue   of 

which  is  kept  at  Earl  Hall. 

Public  In  addition  to  the  regular  courses  of  instruction,  nu- 

Lectures,  etc.  merous  public  lectures  are  given  at  the  University,  or- 
dinarily by  persons  of  distinction  who  are  not  members 
of  the  teaching  staff.  The  University  maintains  close  relations  with 
the  other  educational  and  public  institutions  of  the  city,  and  students 
enjoy  unusual  privileges  at  them.  Students  are  also  frequently  given 
the  opportunity  to  enjoy  important  dramatic  and  musical  performances 
at  a  considerably  reduced  cost. 

St.  Paul's  St.  Paul's  Chapel,  the  gift  of  Olivia  Egleston  Phelps 

Chapel  Stokes  and  Caroline  Phelps  Stokes,  as  a  memorial  to 

their  parents,  is  a  beautiful  cruciform  building  with 
1,050  sittings.  Service,  at  which  attendance  is  voluntary,  is  held  every 
week-day  except  Wednesday  and  Saturday,  at  noon,  the  period  from 
12  to  12.20  being  set  apart  by  the  University  for  religious  exercises; 
on  Wednesday  afternoons  at  5.10;  and  on  Sunday  afternoons  at  4  p.m. 
There  are  also  frequent  organ  recitals. 

Earl  Hall  Earl  Hall,  the  home  of  the  religious,  philanthropic, 

and  social  organizations  and  interests,  is  open  to  all 
students,  without  expense,  from  8.30  a.m.  to  10  p.m.  daily,  under  the 
management  of  its  Secretary,  who  is  also  Secretary  of  the  University 
Young  Men's  Christian  Association.  Provision  for  the  meetings  of 
student  organizations  is  made  in  the  following  order:  Societies  the 
purpose  of  which  is  (1)  primarily  religious;  (2)  primarily  philan- 
thropic; (3)  primarily  literary;  and  (4)  miscellaneous  student  organ- 
izations. In  1907-08,  1,117  student  meetings  were  held  in  Earl  Hall. 
The  building  is  also  much  used  as  a  general  student  club  house. 

Student  The  various   student  organizations,  while   self-gov- 

Organizations  erning,  are  subject  to  the  following  regulations:  The 
schedules  of  public  contests  and  performances  must 
be  approved  by  the  University  Committee  on  Student  Organizations; 
budgets  for  expenditure  are  approved  and  checked  by  the  Comptroller 
of  Student  Organizations ;  the  University  Committee  on  Athletics,  con- 
sisting of  three  graduates,  two  students  and  two  University  officers, 
adopt  and  administer  rules  of  eligibility  not  involving  questions  of 
scholarship  and  govern  participation  in  inter-collegiate  athletics.  A 
pamphlet  containing  the  full  regulations,  the  constitution  of  the  Ath- 
letic Association  and  the  constitution  of  the  Board  of  Student  Repre- 
sentatives may  be  obtained  from  the  Secretary  of  the  University. 
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The  Degree  A  college  graduate  who  completes  with  marked  dis- 

of  A.M.  tinction  one  of  the  regular  professional  courses  may 

be  recommended  for  the  degree  of  Master  of  Arts  if, 
while  pursuing  his  professional  course,  he  shall  have  taken  additional 
work,  under  the  Faculty  of  Pure  Science,  Philosophy  or  Political  Sci- 
ence, to  the  extent  of  a  major  subject,  and  have  presented  a  satis- 
factory essay  upon  an  assigned  topic.  A  detailed  statement  of  the 
requirements  for  this  degree  and  also  for  the  Ph.D.,  with  a  list  of 
subjects  which  may  be  offered,  will  be  found  in  the  Announcement  of 
the  Faculties  of  Political  Science,  Philosophy  and  Pure  Science.  See 
also  page  21. 

Fellowships  For  information  as  to  the  fourteen  University  Fel- 

lowships, of  the  annual  value  of  $650  each,  and  the 
several  endowed  fellowships  open  to  qualified  candidates  for  the  de- 
gree of  Master  of  Arts  and  Doctor  of  Philosophy,  see  the  Announce- 
ment of  the  Faculties  of  Political  Science,  Philosophy  and  Pure  Science, 
or  the  University  Catalogue. 

The  three  following  are  of  particular  interest  to  students  of  Mines, 
Engineering  and  Chemistry,  who  are  advised  to  familiarize  themselves 
with  the  special  regulations  governing  them: 

The  Tyndall  Fellowship  for  the  Encouragement  of  Research  in 
Physics,  endowed  by  Professor  John  Tyndall,  and  of  an  annual  value 
of  $648;  the  Barnard  Fellowship  for  Encouraging  Scientific  Research, 
endowed  by  the  bequest  of  the  late  President  Barnard,  annual  value 
$500;  and  the  Ernest  Kempton  Adams  Research  Fellowship,  founded 
by  Mr.  Edward  Dean  Adams  in  memory  of  his  son,  Ernest  Kempton 
Adams,  annual  value  $1,250. 

Students 

In  1910-11  the  registration  in  the  Schools  of  Mines,  Engineering  and 
Chemistry  is  as  follows : 

First-year  class  ^9 

Second-year  class  214 

Third-year  class ^ 

Fourth-year  class  141 

Non-matriculated  20 

Students  from  Columbia  College 12 

Total 737 

Of  students  registered,  96  already  held  a  college  or  technical  degree, 
representing  37  institutions.  In  addition  there  are  registered  under 
the  Faculty  of  Pure  Science  as  candidates  for  the  A.M.  and  Ph.D. 
degrees  10  students  with  some  branch  of  Engineering  and  56  with 
Chemistry  as  a  major  subject. 


124  MINES,  ENGINEERING  AND  CHEMISTRY 

ALUMNI  ORGANIZATION 

The  Alumni  Association  of  the  Schools  of  Science  of  Columbia 
University  includes  in  its  membership  graduates  of  the  Schools  of 
Mines,  Engineering  and  Chemistry.  Associate  membership  is  open  to 
non-graduates,  members  of  classes  that  have  graduated. 

Honorary  membership  is  open  to  all  persons  eminent  in  Science 
who  are  or  have  been  connected  with  any  of  the  Schools  of  Science 
of  Columbia  University. 

Its  officers  for  1910-11  are: 

President,  Arthur  S.  Dwight,  E.M.,  '85. 

Vice-President,  John  H.  Janeway,  E.M.,  '86. 

Treasurer,  John  S.  Douglas,  E.E.,  '90. 

Secretary,  Ralph  E.  Mayer,  C.E.,  '79. 

Post  Office  Substation  84,  New  York  City. 

Board  of  Managers 

Wm.  de  L.  Benedict,  E.M.,  '74.  T.  O'Connor  Sloane,  Jr.,  E.E.,  '03. 

H.  S.  Kissam,  Ph.B.,  '86.  J.  F.  Thompson,  Ph.D.,  '03. 

E.  Merz,  E.M.,  '92.  A.  Aigeltinger,  E.E.,  '07. 

G.  H.  Clark,  C.E.,  '93.  H.  W.  Remington,  Jr.,  M.E.,  '09. 

Delegates  to  Alumni  Council 
Charles  B.  Going,  Ph.B.,  '82  George  H.  Clark,  C.E.,  '93. 

Daniel  E.  Moran,  C.E.,  '84. 

A  complete  list  of  the  Alumni,  giving  the  addresses  of  each,  and  in 
the  case  of  those  who  are  members  of  the  Association,  a  detailed  record 
of  their  professional  career,  is  published  and  may  be  had  on  application 
to  the  Alumni  Secretary,  Columbia  University. 

The  Alumni  Secretary  will  also  be  glad  to  put  prospective  students 
in  communication  with  Alumni  in  different  parts  of  the  country.  Such 
Alumni  are  often  able  in  a  personal  interview  to  furnish  information 
regarding  the  Schools  of  Mines,  Engineering  and  Chemistry  which 
inquirers  at  a  distance  could  obtain  in  no  other  way. 

General  Alumni  Organizations 

Alumni  Council : 
John  Howard  Van  Amringe,  '60,  Chairman 
Rudolf  Tombo,  Jr.,  '98  A.M.,  Secretary,  Columbia  University 

Society  of  the  Early  Eighties: 
James  Duane  Livingston,  '80,  President 
Girard  Romaine,  '82,  Secretary,  68  Broad  Street,  New  York  City 
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Society  of  Older  Graduates: 
John  Howard  Van  Amringe,  '6o,  President 

William  de  L.  Benedict,  '74  S,  Secretary,  43  Cedar  Street,  New  York 
City. 
Society  of  the  Upper  Eighties: 
Charles  H.  Mapes,  '85,  President 

Edward  L.  Dodge,  '88  S,  Secretary,  Columbia  University  Club,  New 
York  City 

Local  Association  Secretaries 

Albany— Rev.  Roelif  H.  Brooks,  '00  (Vice-President),  80  Lancaster 
Street,  Albany,  N.  Y. 

California— Dr.  John  C.  Spencer,  '82,  '85  M.,  Butler  Building,  San 
Francisco,   Cal. 

China— Dr.  F.  E.  Hinckley,  '05  Ph.D.,  clerk,  United  States  Court 
for  China,  Shanghai,  China. 

Colorado— Roger  W.  Toll,  '06,  661  Humboldt  Street,  Denver,  Colo. 

Columbia   (Missouri)— E.  W.  Hinton,  '91  L.,  Columbia,  Mo. 

Connecticut— John  D.  Irving,  '96,  Yale  University,  New  Haven  Conn. 

Cuba— Humberto  Fonts,  '09  S,  Empedrado  59,  Havana,  Cuba. 

District  of  Columbia— George  Oakley  Totten,  Jr.,  '91  F.  A.,  808  Seven- 
teenth Street,  N.  W.,  Washington,  D.  C. 

Illinois— Channing  Rust  Toy,  '04,  150  Michigan  Boulevard,  Chicago,  111. 

Indiana— Professor  George  H.  Danton,  '02,  Butler  College,  Indianap- 
olis, Indiana. 

Japan— Rev.  Kentok  Hori,  '07  A.  M.,  College  of  Literature,  Imperial 
University  of  Tokio,  Tokio,  Japan. 

Kansas  City— David  M.  Proctor,  '05  L.,  431  Scarritt  Building,  Kansas 
City,  Mo. 

Kentucky— F.  A.  Busse,  '03  S.,  800  Third  Street,  Louisville,  Ky. 

Louisiana— Leslie  Brewer  Smith,  '05,  1205  State  Street,  New  Or- 
leans, La. 

Madison  (Wisconsin)— John  L.  Kind,  '06,  Ph.D.  (President),  Uni- 
versity of  Wisconsin,  Madison,  Wis. 

Mexico— Gustavo  Lobo,  '98  S,  P.  O.  Box  No.  830,  Cadena  No.  2, 
Mexico   City,  Mexico. 

Michigan— Dr.  Theodore  A.  McGraw,  Jr.,  '02  M.,  73  Cass  Street, 
Detroit,  Michigan. 

Minnesota— Professor  J.  B.  Miner,  '03  Ph.D.,  University  of  Minnesota, 
Minneapolis,  Minn. 

Nashville— Eugene  Tavenner,  '01,  Peabody  College,  Nashville,  Tenn. 
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Nebraska-Dr.  C.  W.  Pollard,  '99  M.,  Paxton  Block,  Omaha,  Neb 

New  England-Franklin  S.  Hoyt,  '05  A.M.,  care  Houghton  Mifflin 
and  Company,  4  Park  Street,  Boston,  Mass. 

New  Jersey- W.  G.  Brandley,  '08,  164  Market  Street,  Newark,  N.  J. 

North  Carolina-Henry  J.  Highsmith,  T.C.,  Wake  Forest  College 
Wake  Forest,  N.  C. 

Northeastern  Pennsylvania— Clarence  D.  Shrady,  '95  S.  Allen- 
town,  Pa. 

Ohio,    Northern     (Cleveland)— Frederic    W.    Streibinger,     '95  F  \ 
1215  New  England  Building,  Cleveland,  Ohio. 

Ohio,  Central  (Columbus) -Professor  F.  P.  Graves,  '90,  Ohio  State 
University,   Columbus,   Ohio. 

Paris-Charles  F.  Beach,  Jr.,  '81  L,  95  rue  des  Petits-Champs,  Paris 
France. 

Philadelphia— Stanley  Kidder  Wilson,  '02,  Swarthmore,  Pennsylvania 
Pittsburg— W.  J.  Strassburger,  '01  F.A,  Glassmere,  Pa. 

St.  Louis-William  E.  Baird,  '02  L.,  Law  Department,  City  Hall, 
St.  Louis,   Mo. 

Utah-C.  H.  Doolittle,  '85  S,  508  McCornick  Building,  Salt  Lake 
City,  Utah. 

Virginia— Jackson  Davis,  '08  A.M.,  Board  of  Examiners,  Peters- 
burg, Va. 

Washington-Oliver  H.  P.  La  Farge,  '91  F.A.  (President),  Bank  for 
Savings,  Seattle,  Washington. 

Western  New  York-E.  Lyman  Tilden,  '02  L.,  Mutual  Life  Building 
Buffalo,  N.  Y. 

Wisconsin-H.  W.  Buemming,  '95  F.A.,  521  Jackson  Street,  Mil- 
waukee, Wisconsin. 

Yonkers— James  F.  Prince,  '08,  87  N.  Broadway,  Yonkers,  N.  Y. 
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Academic  Calendar 
1911-1912 

19 1 1— July  5,  Wednesday.    Twelfth  Summer  Session  opens. 

August  16,  Wednesday.    Twelfth  Summer  Session  closes. 

September  2,  Saturday.  Last  day  for  filing  applications  for  entrance 
examinations. 

September  18,  Monday.  Entrance  examinations,  and  examinations 
tor  deficient  and  debarred  students  begin. 

September  20,  Wednesday.     Registration  begins. 

September  26,  Tuesday.  Registration  ceases  for  students  previously 
matriculated.  Later  applications  received  only  upon  payment  of  an 
additional  fee  of  $5. 

September  27,  Wednesday.     First  half-year,  158th  year,  begins. 

Registration  ceases  for  students  matriculating  for  the  first  time  Later 
applications  received  only  upon  payment  of  an  additional  fee  of  $5 

Scholars  report  to  the  Registrar. 

September  28.     Lectures  and  recitations  begin  in  all  courses 

November  7,  Tuesday.    Election  day,  holiday. 

November  29,  Wednesday.    University  service  in  St.  Paul's  Chapel 

November  30,  Thursday,  to  December  2,  Saturday,  inclusive.  Thanks- 
giving holidays. 

December  20,  Wednesday,  to  January  2,  1912,  Tuesday,  inclusive. 
Christmas  holidays. 

19 12— January  8,  Monday.  Last  day  for  filing  applications  for  en- 
trance examinations. 

January  15,  Monday.     Mid-year  entrance  examinations  begin 

January  24,  Wednesday.    Mid-year  examinations  begin. 

February  6,  Tuesday.    First  half-year  ends. 

February  7,  Wednesday.  Second  half-year  begins.  University  service 
in  St.  Paul's  Chapel. 

Registration  ceases  for  students  entering  the  second  half-year  Later 
applications  received  only  upon  the  payment  of  an  additional  fee  of  $q 

Scholars  to  report  to  Registrar. 

February  12,  Monday.    Alumni  Day. 

February  22,  Thursday.     Washington's  Birthday,  holiday 

™P      4'JrhVrsday'  t0  APril  8>  Monday,  inclusive.    Easter  holidays. 

May  1,  Wednesday     Last  day  for  filing  applications  for  scholarships. 

May  20,  Monday.    Final  examinations  begin 

May  30,  Thursday,  Memorial  Day,  holiday. 

June  2,  Sunday.     Baccalaureate  service. 

June  3,  Monday.    Class  Day. 

June  5,  Wednesday.     Commencement  Day. 

June  12,  Wednesday.     Second  half-year  ends. 

June  17,  Monday.     Entrance  examinations  begin. 

July  8,  Monday.    Thirteenth  Summer  Session  opens 
August  17,  Saturday.     Thirteenth  Summer  Session  closes 
September   16,    Monday.     Entrance   examinations,   and   examinations 

lor  deficient  and  debarred  students  begin. 

September  18,  Wednesday.    Registration  begins. 

September  24    Tuesday     Registration  ceases  for  students  previously 

a"ddirtfonaai  fee  ofT*"  apphcations   received  only   upon   payment   of  an 
September  25,  Wednesday.     First  half-year,   159th  year,  begins 
Registration  ceases  for  students  matriculating  for  the  first  time    Later 

applications  received  only  upon  payment  of  an  additional  fee  of  $5 
Scholars  to  report  to  Registrar.  VD' 
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FACULTY  OF  APPLIED  SCIENCE 

Officers  of  the  Faculty 
Frederick  Arthur  Goetze,  M.Sc.  . .  .Dean  and  Member  of  the  Univer- 
sity Council,  ex-ofhcio 

Henry  S.  Munroe,  E.M.,  Ph.D.,  Sc.D Elected  Delegate  to  the 

University  Council 
Alexander  Smith,  Ph.D.  .  .Elected  Delegate  to  the  University  Council 
Adam   Leroy  Jokes,  Ph.D Secretary 

Committee  on  Instruction 

Dean  Goetze  {Chairman),  Professors  Kemp,  Lovell,  Lucke,  Walker, 

Wendell,  Whitaker  and  Mayer. 

Committee  on  Admissions 

Professors   Jones    {Chairman),   Mayer,    Slichter  and   Williams 

The  Faculty 

Nicholas  Murray  Butler President  of  the  University 

Tu?aneC— ^----^---V    i^    Ph.D.,    1884;  .LL.D.,    Syracuse, 


(Prussia) ,    1 9 1 0  r  MemberAmefican  "Academy  oi  Arts  "and"  Letter?^"  9?  1  **' 

Frederick  Arthur  Goetze Dean  of  Faadfy 

M.Sc,   Columbia,    1905. 
Henry  S.  Munroe Professor  of  Mining 

E.M.,  Columbia,  1869;  Ph.D.,  1876;  Sc.D.,   1904. 
Alfred  J.  Moses Professor  of  Mineralogy 

E.M.,   Columbia,   1882;   Ph.D.,    1890. 

James  Furman  Kemp Professor  of  Geology 

A.B.,  Amherst,  1881;  Sc.D.,  1906;   E.M.,  Columbia,   1884. 

Robert  Peele Professor  of  Mining 

E.M.,  Columbia,  1883.  S 

William  Hallock Professor  of  Physics 

Ph?rma?yU1"89a2'.l879:  Ph'D"  Wflrzbur«'   l88l>"  Phar.D.,  National  College  of 

1Francis  B.  Crocker Professor  of  Electrical  Engineering 

E.M.,  Columbia,  1882;  Ph.D.,  1895. 

Michael  Idvorsky  Pupin Professor  of  Electro-Mechanics 

A.B.,  Columbia,   1883;   Sc.D.,   1904;  Ph.D.,  Berlin,   1889. 
William  H.  Burr Professor  of  Civil  Engineering 

C.E.,  Rensselaer  Polytechnic,    1872. 

Thomas  Scott  Fiske Professor  of  Mathematics 

A.B.,  Columbia,  1885;  A.M.,   1886;  Ph.D.,  1888. 
Harold  Jacoby Rutherfurd  Professor  of  Astronomy 

A.B.,  Columbia,   1885;  Ph.D.,   1895. 
JAbsent  on  leave,  1912-13. 

3 


4  MINES,  ENGINEERING   AND   CHEMISTRY 

Henry  Marion  Howe Professor  of  Metallurgy 

B.S.,   Harvard,    1869;   A.M.,   1872;    LL.D.,    1905;    B.S.,   Massachusetts  Insti- 
tute of  Technology,    1871;  LL.D.,  Lehigh,   1905. 

Earl  B.  Lovell Professor  of  Civil  Engineering 

C.E.,  Cornell,   1891. 

James  Maclay Professor  of  Mathematics 

C.E.,  Columbia,  1888;  Ph.D.,  1899. 

Marston  Taylor  Bogert Professor  of  Organic  Chemistry 

A.B.,  Columbia,    1890;  Ph.B.,   1894;  LL.D.,  Clark,   1909. 

J.  Livingston  Rutgers  Morgan Professor  of  Physical  Chemistry 

B.S.,   Rutgers,   1892;  A.M.  and  Ph.D.,  Leipzig,  1895. 

Amadeus  W.  Grabau Professor  of  Palaeontology 

S.B.,    Massachusetts    Institute   of  Technology,    1896;    S.M.,   Harvard,    1898; 
S.D.,   1900. 

Ralph  Edward  Mayer.  .Associate  Professor  of  Engineering  Draughting 

C.E.,  Columbia,    1879. 

Cassius  Jackson  Keyser Adrain  Professor  of  Mathematics 

B.S.,  Missouri,   1892;   A.M.,  Columbia,  1896;  Ph.D.,   1901. 

George  L.  Meylan.  . .  .Associate  Professor  of  Physical  Education  and 

Medical  Director  of  the  Gymnasium 
M.D.,  New  York  University,  1896;  B.S.,  Harvard,  1902;  A.M.,  Columbia, 
1904. 

Lea  McIlvaine  Luquer Assistant  Professor  of  Mineralogy 

C.E.,   Columbia,   1887;  Ph.D.,   1894. 

Henry  Clapp  Sherman Professor  of  Food  Chemistry 

B.S.,    Maryland  Agricultural    College,    1893;   A.M.,    Columbia,    1896;    Ph.D., 
1897- 

1  Albert  P.  Wills Professor  of  Mathematical  Physics 

B.E.E.,  Tufts,   1894;   Ph.D.,  Clark,  1897. 

Samuel  A.  Tucker Assistant  Professor  of  Electro-Chemistry 

Ph.B.,  Columbia,  1895. 
2Adolph  Black Assistant  Professor  of  Civil  Engineering 

C.E.,  Columbia,   1894. 

Charles  Edward  Lucke Professor  of  Mechanical  Engineering 

B.S.,  College  of  the  City  of  New  York,  1895;  M.S.,  New  York  University, 
1899;  Ph.D.,  Columbia,  1902. 

Walter  Rautenstrauch Professor  of  Mechanical  Engineering 

B.S.,  Missouri,   1902;  M.S.,  Maine,   1903- 

William  Campbell Associate  Professor  of  Metallurgy 

B.Sc,  Durham  University,  1898;  D.Sc,  1905;  M.Sc,  Royal  School  of  Mines, 
1903;  Ph.D.,   Columbia,   1903;  A.M.,   1905. 

Edward  Lawrence  Kurtz Assistant  Professor  of  Mining 

E.M.,   Columbia,   1893. 

Carlton  Clarence  Curtis Associate  Professor  of  Botany 

A.B., Syracuse,  1889;  Ph.D.,   1893;  A.M.,  Columbia,   1892. 

S.  Alfred  Mitchell Assistant  Professor  of  Astronomy 

A.M.,  Queens,   1894;  Ph.D.,  Johns  Hopkins,  1898. 

Arthur  L.  Walker Professor  of  Metallurgy 

E.M.,  Columbia,  1883. 

JAbsent  on  leave,  second  half-year. 
2Absent  on  leave,  1912-13. 


TEACHING  STAFF  5 

George  Braxton  Pegram Associate  Professor  of  Physics 

A.B.,   Trinity  College   (N.  C),   1895;   Ph.D.,   Columbia,    1903. 

Bergen  Davis Associate  Professor  of  Physics 

B.S.,  Rutgers,  1896;   A.M.,  Columbia,   1900;  Ph.D.,  1901. 

Adam  Leroy  Jones Chairman  of  Committee  on  Undergraduate 

Admissions  and  Secretary  of  the  Faculty 
A.B.,   Williams,   1895;   Ph.D.,  Columbia,   1898. 

Charles  H.  Burnside Assistant  Professor  of  Mechanics 

B.S.,   Columbia,   1898;  A.M.,   1899. 
Morton  Arendt Assistant  Professor  of  Electrical  Engineering 

E.E.,   Columbia,    1898. 

Charles  P.  Berkey Assistant  Professor  of  Geology 

B.S.,  Minnesota,   1892;   M.S.,    1893;  Ph.D.,   1897. 

John  Harold  Morecroft.  .Assistant  Professor  of  Electrical  Engineering 

E.E.,  Syracuse,   1904;   B.S.,   1907. 

W.  Benjamin  Fite Professor  of  Mathematics 

Ph.B.,    Cornell,   1892. 

Herbert  E.  Hawkes Professor  of  Mathematics 

A.B.,  Yale,    1896;  Ph.D.,    1900. 

Walter  Irvine  Slighter Professor  of  Electrical  Engineering 

E.E.,  Columbia,    1896. 

George  V.  Wendell Professor  of  Physics 

B.S.,  Massachusetts  Institute  of  Technology,  1892;  Ph.D.,  Leipzig,  1898 

Milton  C.  Whitaker Professor  of  Engineering  Chemistry 

B.S.,   Colorado,    1897;    M.S.,    1899. 

J.  Paul  Jones  Williams.  ..  .Assistant  Professor  of  Civil  Engineering 

B.S.,  Pennsylvania,  1898;  M.S.,  1899;  C.E.,  1908. 

Everett  J.  Hall Assistant  Professor  of  Assaying 

Floyd  J.  Metzger Assistant  Professor  of  Analytical  Chemistry 

Ph.B.,   Buchtel,   1899;   Ph.D.,   Columbia,   1902. 

Harry  L,  Parr Assistant  Professor  of  Mechanical  Engineering 

A.B.,  Columbia,  1902;   Mech.E.,   1904. 

SAMUlLEOScTuDmbt"l9R5. ASSlStant  Pr°feSSOr  °f  V"™"* 

Edward  F.  Kern Assistant  Professor  of  Metallurgy 

B.S.,  Tennessee,   1897;  Ph.D.,  Columbia,   1901. 

Hal  T.  Beans Assistant  Professor  of  Chemistry 

B.S.,  Nebraska,  1899;  A.M.,  1900;  Ph.D.,  Columbia,    1904. 
Charles  W.  Thomas.  .Assistant  Professor  of  Mechanical  Engineerino 
Mech.E.,   Stevens  Institute,   1884. 

Arthur  H.  Blanchard Professor  of  Highway  Engineering 

C.E.,  Brown,   1890;  A.M.,  Columbia,  1902. 

Thomas  B.  Freas Assistant  Professor  of  Chemistry 

and  Curator  of  the  Chandler  Museum 
A.B.,  Stamford,  1896;  Ph.D.,  Chicago,  191 1. 
Alexander  Smith Professor  of  Chemistry 

B.S.,    Edinburgh,    1886;    Ph.D.,    Munich,    1889. 

Thomas  H.  Harrington Assistant  Professor  of  Drawing 

C.E.,    Columbia,    1889. 


6  MINES,  ENGINEERING   AND   CHEMISTRY 

Other  Officers 

Edwin  R.  A.  Seligman.  . .  .McVickar  Professor  of  Political  Economy 

A.B.,  Columbia,  1879;  A.M.,   1883;  Ph.D.  and  LL.B.,  1884;  LL.D.,   1904. 

George  W.  Kirchwey Kent  Professor  of  Law 

A.B.,    Yale,    1877;    LL.D.,    Yale,    University  of    Cincinnati,   and    New   York 
University,    1908. 

Henry  Rogers  Seager Professor  of  Political  Economy 

Ph.B.,   Michigan,    1890;   Ph.D.,   Pennsylvania,    1894. 

Associates 

Frederick  A.  Halsey Associate  in  Mechanical  Engineering 

B.M.E.,   Cornell,    1878. 

Lincoln  De  Groot  Moss Associate  in  Mechanical  Engineering 

F.  V.  D.  Longacre Associate  in  Mechanical  Engineering 

Charles  G.  Simpson Associate  in  Mechanics 

Ph.B..  Cornell  College  (Iowa),   1895;  A.M.,  1902. 

Instructors 

Charles  C.  Trowbridge Instructor  in  Physics 

B.S.,  Trinity  (Ct.),  1892;  M.S.,  1903;  Sc.D.,  1908. 

Edward  K.  Judd Instructor  in  Mining 

A.B.,  Williams,  1901;  E.M.,  Columbia,   1904. 

Leighton  B.  Morse Instructor  in  Physics 

Ph.B.,  Iowa  College,  1903;  Ph.D.,  Columbia,  1908. 
Harold  W.   Webb Instructor  in  Physics 

A.B.,  Columbia,  1905;  Ph.D.,  1909. 
Cavalier  Hargrave  Jouet Instructor  in  Analytical  Chemistry 

Ph.B.,  Columbia,  1882;  Ph.D.,  1894. 

Arthur   Colon    Neish Instructor  in   Chemistry 

A.B.,  Queen's  University,  1898;  A.M.,  Columbia,  1900;  Ph.D.,  1904. 

Maurice  A.  Lam  me Instructor  in  Mineralogy 

B.S.,    Montana   Agricultural    College,    1903;    A.M.,    Columbia,    1904;    Ph.D., 

1909. 

Lewis  P.  Siceloff Instructor  in  Mathematics 

A.B.,  Central  College,  1900. 

Otto   Kress Instructor  in  Engineering  Chemistry 

B.S.,  Columbia,   1906;   A.M.,   1907;  Ph.D.,   1909. 

Chester  A.  Darling Instructor  in  Botany 

A.B.,  Albion,  1904;  A.M.,  1906;  Ph.D.,  Columbia,  1909. 
John  M.  Nelson Instructor  in  Organic  Chemistry 

B.S.,  Nebraska,  1901;  Ph.D.,  Columbia,    1907. 

Hermon  W.  Farwell Instructor  in  Physics 

A.B.,  Dartmouth,  1902;  A.M.,  1906. 

Harry  W.  Reddick Instructor  in  Mathematics 

A.B.,  Indiana,   1904;  A.M.,  Illinois,   1906;  Ph.D.,   Columbia,   191 1. 

Edward  D.  Thurston,  Jr Instructor  in  Mechanical  Engineering 

A.B.,  Columbia,    1905;    Mech.E.,   1907. 

Frederick  W.  Hehre Instructor  in  Electrical  Engineering 

E.E.,  Columbia,  1908. 
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William   C.   Moore Instructor  in   Chemistry 

B.S.,  Peabody,  1903. 

James   S.  Macgregor Instructor  in  Civil  Engineering 

B.S.,  Mass.  Inst,  of  Technology,  1902;  M.S.,  1904. 

James  Kip  Finch Instructor  in  Civil  Engineering 

C.E.,   Columbia,    1906. 

Arthur  Lowell  Herrick Instructor  in  Mechanical  Engineering 

B.S.,  Dartmouth,   1909;    C.E.,  Wisconsin,   1910. 

Nels  J.  Lennes Instructor  in  Mathematics 

S.B.,   Chicago,   1898;   S.M.,   1903;  Ph.D.,   1907. 

Willard  L.  Severinghaus Instructor  in  Physics 

A.B.,  German  Wallace  College,   1904;  A.M.,  1905. 

Burton  W.  Kendall Instructor  in  Experimental  Physics 

S.B.,  Massachusetts  Institute  of  Technology,    1906. 

Frank  L.   Mason Instructor  in   Electrical  Engineering 

E.E.,  Columbia,   1909. 

Jesse  E.   Beans Instructor  in  Drawing 

Henry  B.  Drowne Instructor  in  Highway  Engineering 

C.E.,  Brown,   1903. 

Gordon   H.   Graves Instructor  in  Mathematics 

B.S.,  Earlham,  1905;  A.B.,  Haverford,  1906;  A.M.,  Columbia,   1909. 

Morris   F.   Weinrich Instructor   in   Physics 

Mech.E.,  Columbia,   1904;  A.M.,   1907. 

Frederick  Barry Instructor  in  General  and  Inorganic  Chemistry 

Ph.D.,    Harvard,    191 1. 

Arthur  Edgar Instructor  in  General  and  Inorganic  Chemistry 

A.C.,  Lehigh,  1905;  M.S.,   1906;  Ph.D.,  Mass.  Inst,  of  Technology,   1912. 
Harry  Linn  Fisher Instructor  in  Organic  Chemistry 

A.B.,   Williams,    1909;    A.M.,    Columbia,    1910. 

Robert  F.  McCrackan Instructor  in  Food  Chemistry 
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INTRODUCTORY 

Columbia  University  was  founded  in  1754  as  King's  College.  In 
1784,  after  the  Revolutionary  War,  King's  College  became,  by  act  of 
the  Legislature  of  the  State  of  New  York,  Columbia  College.  The 
institution  whose  name  was  thus  changed  has  become  Columbia 
University. 

The  first  step  for  the  foundation  of  a  Faculty  of  Applied  Science 
was  taken  in  1864,  when  the  Trustees  approved  the  creation  of  a 
School  of  Mines,  in  which  courses  were  later  established  in  civil 
engineering,  chemistry,  and  metallurgy.  The  growth  of  these  courses 
made  it  seem  desirable  to  adopt  some  more  comprehensive  name  than 
the  historic  title  "School  of  Mines,"  so  that  in  1896  the  Schools  of 
Engineering  and  Chemistry  were  set  off  from  the  School  of  Mines, 
the  three  schools  remaining,  however,  under  the  jurisdiction  of  a 
single  faculty : 

1.  The  School  of  Mines,  with  four-year  courses  leading  to  the  de- 
grees of  Engineer  of  Mines  and  of  Metallurgical  Engineer. 

2.  The  School  of  Engineering,  with  four-year  courses  in  Civil  En- 
gineering, Sanitary  Engineering,  Electrical  Engineering,  and  Mechani- 
cal Engineering,  leading  to  the  degrees  of  Civil  Engineer,  Electrical 
Engineer,   and   Mechanical   Engineer   respectively. 

3.  The  School  of  Chemistry,  with  four-year  courses,  leading  to 
the  degrees  of  Chemist  and  Chemical  Engineer. 

The  courses  are  intended  to  meet  the  requirements  of  the  several 
professions  indicated;  and  many  of  them  permit  a  certain  amount  of 
specialization,  particularly  in  the  fourth  year.  The  work  in  the  School 
of  Mines  is  so  arranged  that  the  student  can  emphasize  the  engineering, 
the  metallurgical,  or  the  geological  side  of  his  profession. 

Candidates  for  a  professional  degree  who  have  some  special  end  in 
view  are  occasionally  permitted  to  vary  the  regular  course  by  substi- 
tuting other  courses  offered  under  the  Faculty  of  Applied  Science. 
Students  holding  an  academic  degree  may  become  candidates  for  the 
degree  of  Master  of  Arts  or  Doctor  of  Philosophy  (see  page  26).  Non- 
matriculated  students,  properly  qualified  by  age,  special  training  and 
experience  and  by  ability,  may  sometimes  pursue  advanced  studies  of 
original  research. 

In  the  regular  Summer  Session  held  at  the  University  in  July  and 
August  of  each  year  and  in  the  Department  of  Extension  Teaching 
many  courses  of  assistance  to  engineering  students  are  offered.  The 
Announcement  of  the  Summer  Session  and  the  Announcement  of  Ex- 
tension Teaching  will  be  sent  upon  application  to  the  Secretary  of  the 
University. 

ADMISSION 

Until  1914  admission  to  the  Schools  of  Mines,  Engineering  and 
Chemistry  will  continue  to  be  by  examination,  and  by  certificate  from 
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approved  degree-granting  institutions  in  so  far  as  the  certification  cor- 
responds specifically  with  the  stated  requirements.  Beginning  with  19 14 
the  new  requirements  described  on  page  18  will  go  into  effect. 

Except  for  reasons  of  weight,  candidates  for  admission  to  the  first- 
year  class  must  be  at  least  eighteen  years  of  age  at  the  time  of  matricu- 
lation, and  correspondingly  older  for  admission  to  advanced  standing. 
Each  candidate  must  before  admission  present  a  certificate  of  good 
moral  character  from  his  last  teacher  or  from  some  citizen  of  good 
standing.  Students  from  other  colleges  or  universities  must  bring  cer- 
tificates of  honorable  dismissal.  Students  are  admitted  subject  to  the 
disciplinary  powers  of  the  University  authorities. 

All  requests  for  information  regarding  admission  should  be  addressed 
to  the  Secretary  of  the  University. 

Collegiate  Preparation  Recommended 

For  new  requirement  to  go  into  effect  in  September,  1914,  see  p.  17. 

The  liberal  training  offered  by  a  preliminary  Collegiate  Course  is 
quite  as  important  to  engineers,  metallurgists  and  chemists  as  to  law- 
yers, physicians  or  clergymen,  and  is  strongly  recommended  by  the 
Faculty  of  Applied  Science.  This,  however,  does  not  and  should  not 
involve  a  residence  of  eight  years  m  college  and  technical  school  before 
a  candidate  receives  the  professional  degree. 

A  graduate  of  any  good  college  who  has  selected  his  course  with 
reference  to  future  work  in  applied  science  is  able  to  complete  the 
requirements  for  a  degree  in  the  Schools  of  Mines,  Engineering  and 
Chemistry  in  less  than  four  years  after  receiving  the  Bachelor's  degree. 
The  opportunities  for  close  articulation  between  Columbia  College  and 
these  Schools  are  particularly  good.  Under  the  provisions  of  the  new 
program  it  is  possible  for  a  well-prepared  student  to  complete  the 
requirements  for  both  the  collegiate  and  professional  degrees  in  six 
years. 

This  six  year  combined  course  includes  two  years  College  work  in 
English,  two  years  in  either  French  or  German  and  one  year  each  in 
History  and  Philosophy,  all  of  these  being  prescribed  for  the  College 
degree  in  addition  to  the  courses  included  in  the  professional  programs. 
The  necessary  total  of  College  credits  for  the  Bachelor's  degree  is 
made  up  by  the  election  of  four  or  more  non-technical  courses,  the 
exact  number  depending  on  the  subjects  offered  for  admission.  These 
should  include  work  in  Economics  and  according  to  the  students'  own 
preferences,  additional  work  in  English,  History,  Philosophy  or  modern 
languages  (Spanish,  for  example),  or  work  in  Latin,  Politics,  or  in 
some  Natural  Science  not  included  in  the  professional  program.  In 
general  it  is  better  to  lay  a  broad  foundation  for  future  professional 
study  than  to  attempt  the  anticipation  of  courses  which  are  later  to  be 
dealt  with  intensively  in  the  professional  program. 

Under  the  regulations,  a  student  may  either  concentrate  his  collegiate 


14  MINES,  ENGINEERING   AND   CHEMISTRY 

prescriptions  and  electives  in  the  first  two  years  of  residence  and  then 
enter  the  uniform  first  year  of  the  professional  course,  or  he  may  dis- 
tribute the  work  of  the  uniform  first  year,  all  of  which  is  non-profes- 
sional in  character,  over  three  years  of  collegiate  residence,  and  at  the 
beginning  of  the  fourth  year,  enter  the  second  year  of  one  of  the  pro- 
fessional courses.  The  latter  plan,  which  is  more  likely  to  insure  con- 
tinuity in  the  fundamental  courses  in  Mathematics,  Physics  and  Chem- 
istry is,  in  the  judgment  of  the  College  Faculty,  the  more  desirable. 

Requirements  for  Admission   for  Students  without   Collegiate 

Preparation 

Every  candidate  must  offer  at  the  entrance  examinations  (see  below) 

To  the  subjects  amounting   to  fourteen  and  one-half  "units."     A 

First  Year    unit  represents  a  course  of  five  periods  a  week  for  one  year 

Class  in  the  secondary  school. 

Total  requirement 14^  units 

The  candidate  must  offer :                                                    _        .       .     rT  . 
—,         .                                                                                               Counting  in   Units 
Chemistry    ! 

Drawing l 

Elementary  French 
or 

Elementary  German 

English 3 

Mathematics  31^ 

Physics I 

and  three  units  from  the  following: 

Elementary  French  ) 

or  V  see  above 2 

Elementary  German  J 

Elementary  Spanish  2 

Elementary  Latin 2 

Intermediate  French 

Intermediate  German 

Ancient  History 

Modern  and  Mediaeval  History. 

American  History 

English  History 

Botany   

Physiography  

Zoology   

Shopwork  

Candidates  for  degrees  of  Engineer  of  Mines,  Metallurgical  and 
Chemical  Engineer  or  Chemist,  are  recommended  to  offer  Elementary 
and  Intermediate  German. 

It  is  suggested  that  candidates  deficient  in  entrance  subjects  in 
June   arrange   to    take    courses    in   them    in   the    Summer    Session   of 
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Columbia  University,  the  announcement  of  which  will  be  sent  upon 
application  to  the  Secretary  of  the  University.  Certain  of  the  entrance 
subjects  may  also  be  pursued  under  the  Department  of  Extension 
Teaching. 

The  examination  requirements  for  admission  may  be  satisfied  by 
any  one  of  the  three  following  means,  or  by  any  approved  combination 
thereof : 

i.  By  the  examinations   of  the   College   Entrance  Entrance 

Examination  Board.  These  examinations  are  held  Examinations 
annually  in  June,  in  1912  beginning  on  June  17th,  at  Columbia  Univer- 
sity and  at  about  one  hundred  and  fifty  other  educational  centers  in 
the  United  States  and  Europe.  A  complete  list  of  the  places  and  times 
of  such  examinations,  together  with  the  regulations  governing  them, 
may  be  obtained  from  the  Secretary  of  the  College  Entrance  Examina- 
tion Board,  Post  Office  Sub-Station  84,  New  York  City. 

2.  By  the  examinations  conducted  by  the  Columbia  University  Com- 
mittee on  Undergraduate  Admissions.  These  examinations  are  held 
in  September  and  January  of  each  year  (beginning  on  September  16, 
1912,  and  January    13,   1913),  and  only  at   the  University. 

3.  By  the  examinations  of  the  State  Examination  Board  of  the  New 
York  State  Education  Department.  These  examinations  are  held  in 
January  and  June  at  more  than  six  hundred  high  schools  and  other 
institutions  throughout  the  State  of  New  York,  but,  save  in  excep- 
tional circumstances,  are  open  only  to  students  in  those  schools.  Full 
information  regarding  the  regulations  governing  them  may  be  obtained 
by  application  to  the  New  York  State  Education  Department,  Albany, 
New  York. 

A  copy  of  the  time-scheme  of  the  examinations  held  by  the  College 
Entrance  Examination  Board  in  June,  and  by  Columbia  University  In 
September  and  January,  together  with  information  as  to  the  proper 
method  of  filing  application-blanks  for  these  examinations,  the  payment 
of  fees,  the  division  of  examinations,  and  also  detailed  definitions  of  the 
requirements  in  each  admission  subject,  is  given  in  the  Bulletin  of 
Entrance  Examinations  and  Admission  for  1912,  which  may  be  had  upon 
application  to  the  Secretary  of  the  University. 

A  candidate  may  present  himself  at  any  of  the  series  of  examina- 
tions  scheduled    above,   and   the   results   may   be   credited   toward   the 
fulfillment  of  the  requirements  for  admission,  subject 
to  the  following  restrictions:  Restrictions 

1.  A  candidate  in  making  application  for  examina-  Governing 
tion  must  submit  a  statement  from  the  principal  of  Examinations 
his  school,  or  from  his  last  instructor,  indicating  the  extent  and  char- 
acter of  his  preparation  in  each  subject  in  which  he  applies  for  examina- 
tion, and  credit  may  be  withheld  when  this  requirement  is  not  met. 

2.  The  results  of  an  examination  may  stand  to  the  candidate's  credit 
for  twenty-nine  months,  but  no  longer. 
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3.  A  candidate  may  not  present  himself  for  examination  more  than 
four  times,  except  by  special  consent  of  the  Committee  on  Undergrad- 
uate Admissions. 

4.  The  results  of  the  examinations  conducted  by  the  New  York  State 
Examination  Board  can  be  credited  only  in  so  far  as  the  subject-matter 
of  these  examinations  specifically  covers  the  subjects,  or  lettered  or 
numbered  parts  of  a  subject,  which  are  accepted  for  admission  to  the 
Schools  of  Mines,  Engineering  and  Chemistry.  Candidates  who  have 
been  granted  the  College  Entrance  Diploma  issued  by  the  New  York 
State  Education  Department  may  be  admitted  to  the  Schools  of  Mines, 
Engineering  and  Chemistry  free  of  conditions  if  the  directions  given 
on  page  8  of  the  Columbia  University  Bulletin  of  Entrance  Examina- 
tions and  Admission  have  been  observed.  The  diploma  should  be  for- 
warded to  the  Secretary  of  the  University  together  with  the  applica- 
tion for  admission. 

5.  In  order  to  be  credited  toward  entrance,  the  reports  of  a  candi- 
date's examinations,  together  with  the  statement  of  the  extent  and 
character  of  his  preparation  in  each  subject  offered,  must  be  in  the 
hands  of  the  Committee  on  Undergraduate  Admissions  one  week  prior 
to  the  opening  of  the  term  in  September  or  January. 

6.  The  reports  of  all  examinations  must  be  rendered  to  the  Com- 
mittee on  Undergraduate  Admissions  in  percentages.  The  Committee 
interprets  these  percentages  as  Passed  (P),  or  Failed  (F).  Credit 
toward  admission  is  given  only  for  such  examinations  as  receive  a 
grade  of  P. 

The  uniform  first  year  in  the  Schools  of  Mines,  Engineering  and 
Chemistry,  and  the  efficient  coordination  of  the  subsequent  years,  make 
it  possible  for  graduates  of  colleges  and  scientific 
To  Advanced  schools  to  enter  Columbia  University  with  advanced 
Standing  standing  and  to  complete  the  requirements  for  a  pro- 

fessional degree  without  undue  delay  through  conflicts 
and  other  causes.  It  is  very  desirable,  however,  that  students  in  other 
colleges  who  are  planning  to  take  professional  work  after  graduation 
should  get  into  correspondence  with  the  University  as  early  as  possible. 
If  this  is  done  they  may  receive  advice  with  regard  to  the  most  advan- 
tageous collegiate  subjects  to  elect,  and  also  with  regard  to  the  summer 
courses  of  Columbia  University.  By  taking  certain  summer  work  at 
the  University  in  advance,  a  student  sometimes  may  save  six  months 
or  a  year  in  entering  upon  his  professional  career. 

Candidates  for  admission  to  advanced  standing  should  make  applica- 
tion in  writing  to  the  Chairman  of  the  Committee  on  Undergraduate 
Admissions  in  time  to  reach  him  on  or  before  September  9,  1912.1 
The  application  must  be  accompanied  by  properly  certified  official  state- 
ments of  his  standing  in  the  subjects  which  he  offers. 

*When  the  candidate  is  at  a  considerable  distance  from  the  University,  his  appli- 
cation should,  if  possible,  be  made  earlier  than  September  in  order  that  he  may 
receive  the  reply  in  time  to  present  himself  at  the  University  on  September  16,  1912. 
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The  Committee  will  notify  the  candidate  at  the  address  given  in  his 
letter     hetu.t,n    September    9    and    :3,    m2,    what    courses    of   tho 

In  s  Lal'the  C        V^™  '°  C0UrSeS  "  C°lumbia  ^nive    ,Ty 
cases  whe  '„  ih  C°T  ^  glVeS  Credit  f°r  comP,ete  cou^  only.»    In 

a      Ld   bv    h!  r        P,'eVI0HfIy  d°"e  by  the  candida*  h"  -t  ^en 
™ n      t  1,  Con"»"tee,   the  candidate   should  present  himself  at 

egular  fall  exainmations  during  the  two  weeks  immediately  pSii 
he  opening  of  the  University  (in  i9ia,  September  16-23).    For    our  "? 
n  wh.ch   no   regular   fall   examination   is   held,    the   candidate   shoud 
report  between  to  a.m.  and  „  M.  at  the  Dean's  office.     The  schedule 
of  tall  exammations  may  be  obtained  from  the  Registrar. 

Admission  to  Special  Courses  of  Study 

Graduates  of  these  Schools,  and  other  institutions   of  equal   grade 
may  pursue  any   subjects    taught  in   the   schools    for   which   they  "are 

alnZT  °f  matUre  3ge  Wh°  are  "0t  «radu^s,  but  who  show  special 

s    dt     uTthisT  S°metlmeS  Permi"ed   t0   PUrSUe   ^iaI   »nr  e     0 
study,  but  this  permission  is  not  given  to  others 

onfwm  be^tdV116  COmmittee  0"  Und«^«ate  Admissions  no 

Non-matriculated  students  will  be  held  to  the  observance  of  the  same 
2SS"  3S  t0  attendanCe'  eXaminati°n  3nd  Pr0fid->-  -  nfatricuLted 
Admission  on  Probation 

:r=,  sit:  a  ss-csttaSSt 

registered,  ,v,l.  decide  whether  he  shall  be  admitted  to  full  stand  ng 
have  his  period  of  probation  extended,  or  be  dropped  from  the  "if 
The  mark  of  y  or  h.gher,  obtained  in  any  subject  at  L  end  ™f  the  first 
half-year  of  residence,  will  be  regarded  as  removing  an  entrance  con 
dition  in  that  subject,  unless  the  condition  was  incurred  in  a  part  of 
the  subject  not  directly  involved  in  the  work  of  the  course  Any  0n 
dition  not  so  removed  must  be  satisfied  by  formal  examination 

ByySr^s,«sfi£Hs  %\  rays**?  $t  «ivndid"«  *»«« 

at  the  times  given  above,  bringing  dr.,  „bT* h„X  Und"Kraduate  Admissions, 
the  scope  and  character  of  hi?  ivork  S  '  note'books.  "'  other  evidence  showing 


18  MINES,  ENGINEERING   AND   CHEMISTRY 

ADVICE  TO  STUDENTS 

Each  student  is  on  entrance  assigned  to  an  officer  of  instruction, 
who  acts  as  his  academic  adviser.  The  adviser  is  kept  informed  as  to 
the  attendance  and  standing  of  all  such  students  in  their  academic 
work  and  as  to  the  extent  and  character  of  their  participation  in  extra- 
curricular activities,  and  he  advises  students  on  all  these  and  other 
matters  that  concern  them  as  students. 

Reports  of  standing  are  sent  to  the  student,  his  parent  or  guardian, 
his  adviser  and  to  the  Dean  every  five  weeks  for  students  in  the  first 
and  second  classes,  and  at  the  end  of  each  term  for  students  in  the  third 
and  fourth  classes. 

A  student  who  has  not  been  assigned  to  an  adviser  may  apply  to 
the  Dean  for  such  assignment. 

NEW  REQUIREMENTS  FOR  ADMISSION 
To  go  into  Effect  September,  1914 

Beginning  with  the  year  1914  the  curriculum  of  the  Schools  of 
Mines,  Engineering  and  Chemistry  will  be  reorganized  and  the  re- 
quirement for  admission  will  be  increased.  Three  years  of  specialized 
work  will  be  offered  leading  to  the  several  degrees  in  Engineering  and 
Chemistry.  The  requirements  for  admission  to  these  schools  will  be 
completion  of  at  least  three  years  of  a  college  course  including  thorough 
instruction  in  Mathematics,  Physics,  Chemistry,  and,  in  addition,  cer- 
tain courses  in  Drafting,  Shopwork,  Surveying  and  Mineralogy. 

The  purpose  of  these  changes  is  to  provide  better  and  broader  train- 
ing for  students  of  engineering  and  to  place  the  instruction  in  all  these 
subjects  upon  the  same  basis  as  that  in  Law  and  Medicine.  The  rapid 
development  of  engineering  practice,  the  wider  social  recognition  at- 
tained by  the  engineering  profession  and  the  frequent  demand  that  men 
in  executive  and  administrative  positions  shall  have  an  engineering 
training  make  it  imperative  that  the  engineer  shall  be  a  broadly  edu- 
cated, professional  man.  In  order  to  insure  this  it  is  necessary  that 
the  future  engineer  should  widen  his  intellectual  outlook  by  continuing 
his  general  education  beyond  the  termination  of  the  high  school  course. 
Distinguished  engineers  among  our  alumni  are  sending  their  sons 
through  college  as  a  preliminary  to  entering  upon  professional  study. 
At  the  present  time  nearly  one  hundred  students  are  availing  them- 
selves of  the  opportunity  to  take  the  six-year  combined  college  and 
engineering  course  in  Columbia  University. 

As  a  suitable  preparation  for  this  advanced  work,  a  new  course  has 
been  organized  in  Columbia  College,  leading  to  the  degree  of  B.S.  Half 
the  student's  time  is  given  to  thorough  sequential  work  in  Mathematics, 
Physics,  Chemistry.  Most  of  the  remainder  is  devoted  to  courses  in 
English,  the  Modern  Languages,  History,  Philosophy,  and  the  Political 
Sciences,  and  there  is  some  special  work  in  Drafting,  Surveying,  etc., 
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prerequisite  to  the  professional  programs.  This  course  is  so  arranged 
that  a  well-prepared  student  should  be  able  to  complete  it  without 
undue  strain  in  three  years.  A  student  who  enters  college  at  the  nor- 
mal age  would,  therefore,  be  able  to  complete  the  preliminary  college 
course  and  the  three  years  professional  course  by  the  age  of  23. 

Students  who  contemplate  entering  our  engineering  school  and  who, 
for  financial,  personal,  or  other  reasons,  expect  to  take  their  college 
work  elsewhere,  would  do  well  to  consult  the  Secretary  of  Columbia 
University  for  advice  as  to  the  selection  and  arrangement  of  their 
courses  with  a  view  to  proper  articulation  between  college  work  and 
the  later  professional  work.  Failure  to  do  this  may  result  in  serious 
loss  of  time. 

REGISTRATION 

Before  attending  any  University  exercises  each  student  must  regis- 
ter, i.  e.,  must  present  himself  in  person  to  furnish  the  information 
necessary  for  the  University  records  and  to  file  a  statement  of  the 
courses  he  is  authorized  to  pursue  (for  the  matriculation  or  registra- 
tion fee,  payable  but  once,  see  below). 

The  office  of  the  Registrar,  201  East  Hall,  will  be  open  for  registra- 
tion from  Wednesday,  September  18,  to  Tuesday,  September  24,  1912. 
New  students  may  register  also  on  September  25.  Credit  for  attend- 
ance will  date  from  September  26. 

Students  prevented,  through  no  fault  of  their  own,  from  completing 
their  registration  in  due  time,  should  file  a  provisional  registration- 
record. 

Registration  at  a  later  date  is  permitted  only  to  candidates  who  ob- 
tain the  written  consent  of  the  Dean,  satisfactory  cause  for  the  delay 
having  been  shown.    (For  the  fee  for  late  registration  see  below.) 

Students  holding  scholarships  are  required  to  register  not  later  than 
the  date  specified  in  the  University  calendar;  failure  to  do  so  may  be 
considered  as  vacating  the  scholarship. 

In  case  of  withdrawal  during  the  academic  year,  students  are  re- 
quested to  file  a  notice  thereof  with  the  Registrar,  on  a  blank  form 
provided  for  the  purpose.  An  honorable  dismissal  is 
granted  by  the  Dean  to  any  student  in  good  standing  Honorable 
over  twenty-one  who  may  desire  to  withdraw,  and,  with  Dismissal 
the  written  assent  of  his  parent  or  guardian,  to  a  student  under  that 
age.  Applications  for  leave  of  absence  should  be  addressed  to  the 
Dean. 

FEES 

The  President  is  under  instructions  to  withdraw  the  privileges  of 
any  student  delinquent  in  payment  after  the  second  Wednesday  o&f  each 
half-year.  All  regulations  as  to  fees  are  subject  to  change  by  the  Trus- 
tees at  their  discretion. 


20  MINES,  ENGINEERING   AND   CHEMISTRY 

For  Matriculation  or  Registration:    Required  of  all  students  on 

entrance,  payable  but  once $5 

For  late  Registration  (see  above) 5 

For  Changes  of  Registration  after  the  second  Saturday  of  any 
half-year,  for  any  course  or  courses  added  or  dropped  at  any 

one  time i 

For  Tuition  in  the  Schools  of  Mines,  Engineering  and  Chemistry, 
payable  at  the  beginning  of  each  half-year:  For  matriculated 

students  for  each  half-year 125 

For  non-matriculated  students,  $7.50  per  half-year  for  each 
hour  of  attendance  upon  lectures  and  recitations  per  week ; 
with  additional  charges  for  laboratory  work  up  to  $25  per  half- 
year  when  the  number  of  hours  weekly  of  such  work  does  not 
exceed  nine,  and  of  $40  per  half-year  when  the  number  of  hours 
weekly  exceeds  nine;  the  whole  not  to  exceed  $125  per  half- 
year. 
For  the  use  of  the  Gymnasium:  Required  of  all  students  who  do 
not  hold  an  academic  degree;  optional  for  students  holding 

such  a  degree 7 

For  examinations,  payable  in  each  case  before  the  examination: 

For  entrance  (see  p.  14  et  seq) 5 

For  a  deficiency  examination  or  series  of  deficiency  examina- 
tions held  in  the  week  preceding  the  opening  of  the  first 

half-year,  for  each  course  $5,  with  a  maximum  of 25 

For  a  deficiency  examination  at  any  other  time  than  in  the 
period  designated  above,  whether  taken  at  the  conclusion 
of  a  course  repeated  by  the  student  in  addition  to  his  normal 

schedule,  or  without  such  repetition,  for  each  course1 5 

For  special  examinations  at  unusual  times: 

For  admission,  for  the  series 5 

For  removal  of  deficiencies  in  course,  for  each  course 5 

For  any  professional  degree,  payable  prior  to  filing  of  applica- 
tion"   25 

Summer  Courses  in  Surveying 

Laboratory  fees,  payable  on  or  before  the  last  Saturday  in  May, 
are  required  as  follows :  Civil  Engineering  course  No.  15,  $25,  or  $7 
per  survey;  No.  25  and  No.  27,  $15,  or  $3.50  per  survey;  No.  26,  $5: 
No.  28  and  No.  71,  $10. 

Non-candidates,  candidates  for  admission  to,  and  students  having 
entered  with  advanced  standing,  who  may  be  required  to  attend  these 
courses,  and  students  who  fail  to  complete  them  in  the  summer  to  which 
they  are  assigned,  are  charged  in  addition  tuition  fees  as  follows :    No. 

1  This  applies  to  every  course  in  which  the  student  has  already  received  a  mark 
other  than  passing,  whether  such  mark  was  reported  as  a  failure,  or  merely  as 
incomplete. 

2  Refunded  to  unsuccessful  candidates  upon  application  to  the  Registrar  not 
later  than  June  20  next  ensuing. 
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15,  $35 ;  No.  25,  No.  27,  No.  28,  and  No.  71,  $25 ;  No.  26,  $10.  Students 
entering  with  credit  for  part  of  course  15  and  students  deficient  in 
separate  surveys  of  that  course  shall  pay  a  tuition  fee  of  $10  for  each 
survey.  A  tuition  fee  of  $6  is  required  for  each  survey  of  courses 
25  or  27  taken  under  similar  conditions.  In  the  case  of  a  student 
registered  in  Columbia  College  who  has  paid  an  additional  fee  under 
the  operation  of  this  rule,  an  equitable  credit  will  be  made  should  he 
later  complete  the  requirements  for  a  professional  degree,  provided 
he  has  taken  the  courses  at  the  time  prescribed  in  the  curriculum. 
In  the  case  of  a  student  admitted  to  advanced  standing  the  additional 
fee  may  be  refunded  in  whole  or  in  part,  according  to  regulations  which 
may  be  learned  from  the  Registrar. 

Deposits  for  Apparatus,  Supplies  and  for  Keys  to  Desks  and 
Lockers 

A  deposit  for  the  use  of  lockers,  keys,  apparatus,  material,  and  the 
like,  ranging  from  $1  to  $40,  is  required  of  students  in  Mines,  En- 
gineering and  Chemistry.  At  the  end  of  the  academic  year  each  student 
will  be  credited  with  those  articles  which  he  returns  in  good  order, 
and  the  value  of  those  he  has  injured  or  broken  will  be  deducted  from 
his  deposit.     Details  may  be  obtained  from  the  Bursar. 

Residence  Halls  and  University  Commons 

(See  page  121) 

Employment  Committee 

(See  page  120) 

Comparative   Statement  of  Students'   Probable   Expenses  for  the 

Academic   Year 


Liberal 


Matriculation 

Gymnasium 

Tuition... 

Books  

Drafting  material 

Chemical  apparatus 

Room  (37  weeks) 

Board  (37  weeks) 

Clothes  and  laundry , 

College  incidentals 

Other  expenses , 

Summer  Courses  in  Surveying 

Laboratory , 

Travelling 

Board  (5  weeks) 


Low 

Average 

%     5 

%     5 

7 

7 

250 

250 

30 

45 

2 

10 

25 

30 

90 

129 

150 

180 

45 

100 

2 

15 

10 

25 

25 

25 

5 

5 

35 

35 

$681 

$861 

\     5 

7 

250 

60  up 

15  " 

40  " 

180  " 

205  ■■ 

175  " 

25  " 

75  " 


25 

5  up 

35   " 


$1102 


The  expense  for  summer  courses  in  surveying  applies  to  all  cur- 
riculums  during  the  first  summer  only;  for  Mining  and  Metallurgical 
Engineering  students  during  two  summers;  for  Civil  and  Sanitary 
Engineers  three  summers. 
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RULES  GOVERNING   STUDENTS 

i.  A  student  cannot  be  a  candidate  for  mere  than  one  professional 
degree  at  the  same  time. 

2.  A  candidate  for  a  degree  must  comply  with  all  requirements  in 
force  at  the  time  said  degree  is  conferred. 

3.  A  student  will  be  permitted  to  substitute  one  subject  for  another 
provided  he  obtains  the  consent  of  the  Dean,  the  heads  of  departments 
concerned  and  the  head  of  the  department  giving  the  technical  instruc- 
tion leading  to  the  degree. 

4.  A  student  absent  from  more  than  one-tenth  of  the  required 
exercises  will  be  debarred  from  examination  in  that  subject.  No 
student  shall  be  exempt  from  this  regulation  except  by  action  of  the 
Committee  on  Instruction. 

5.  After  examinations  have  been  held,  officers  shall  send  to  the 
Registrar  a  list  of  all  students  who  have  attended  their  courses,  indi- 
cating proficiency  by  numbers  on  a  scale  of  10,  a  mark  below  6  signi- 
fying a  failure  to  pass.  Reports  of  standing  will  be  sent  to  First-  and 
Second-year  students  every  five  weeks,  and  to  the  Third-  and  Fourth- 
year  students  at  the  end  of  each  term.  Copies  of  all  reports  are  at 
the  same  time  sent  to  the  Dean,  to  the  Faculty  adviser  and,  in  the 
case  of  First-  and  Second-year  students,  to  the  parent  or  guardian. 
They  will  be  sent  to  the  parent  or  guardian  of  Third-  and  Fourth-year 
students  only  on  request. 

6.  Regular  examinations  shall  be  held  at  the  end  of  the  first  half- 
year,  and  at  the  end  of  the  second  half-year  in  all  subjects  offered 
during  those  respective  periods.  An  examination  may  be  held  at  the 
completion  of  any  subject  which  does  not  extend  throughout  the  given 
half-year. 

7.  Special  examinations  for  students  deficient  at  regular  exam- 
inations shall  be  held  during  the  two  weeks  in  September  preceding 
the  opening  of  the  next  following  academic  year;  and  for  members 
of  the  fourth  class  in  subjects  belonging  to  that  year  only,  during  the 
first  week  in  May. 

Students  who  have  been  debarred  are  excluded  from  such  exam- 
inations in  accordance  with  the  terms  of  the  following  rule: 

Any  student  who  shall  have  been  debarred  from  any  midyear  or 
final  examination  in  any  subject  shall  not  be  allowed  to  take  a  deficiency 
or  make-up  examination  in  said  subject  until  he  shall  have  repeated 
said  course  in  class. 

8.  Failure  to  pass  a  Summer  Session  course,  credit  for  which  would 
be  accepted  as  equivalent  to  a  regular  undergraduate  course  in  the 
Schools  of  Mines,  Engineering  and  Chemistry,  shall  be  counted,  in 
case  a  student  registers  for  said  course,  as  one  of  the  three  failures 
referred  to  in  Rule  10. 

9.  The  fee  for  special  examinations  is  $5  for  each  course,  which  must 
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be  paid  when  the  application   is  made.     For  special  examinations  in 
the  September  series  the  maximum  fee  is  $25. 

10.  A  student  failing  to  pass  in  any  subject  at  the  regular  exam- 
inations must  present  himself  for  special  examination  as  provided 
under  Rule  7. 

Failing  to  pass  the  second  examination,  he  must  repeat  the  sub- 
ject with  the  next  class.  Failing  a  third  time  to  pass  a  satisfactory 
examination  he  may  be  dropped  from  the  roll  of  the  School. 

11.  Absence  from  any  regular  or  special  examination  provided 
for  in  Rules  7  and  8  shall  count  as  a  failure  unless  excused  by  the 
Dean  for  reasons  of  weight. 

12.  No  student  having  an  entrance  deficiency  shall  be  permitted  to 
register  for  any  subject  of  the  second,  third  or  fourth  year  without  the 
written  consent  of  the  Dean,  and  no  student  shall  be  permitted  to  register 
for  any  subject  the  prerequisites  for  which  have  not  been  satisfied  by  him 
unless  the  Dean,  for  reasons  of  weight,  grants  him  special  permission. 

13.  Any  student  who  shall  have  passed  a  satisfactory  examination 
in  Columbia  College  in  any  subject  forming  a  part  of  one  of  the  pro- 
fessional courses  in  the  Schools  of  Mines,  Engineering  and  Chemistry 
will  not  be  required  to  pursue  that  subject  a  second  time. 

14.  During  vacations  following  the  close  of  each  year,  memoirs  on 
assigned  subjects  must  be  prepared  by  the  students  in  the  courses  of 
Mining,  Metallurgy,  Civil  Engineering,  Electrical  Engineering,  Mechan- 
ical Engineering,  Chemical  Engineering,  and  Chemistry.  The  time 
specified  for  the  completion  and  handing  in  of  memoirs  will  be  as  stated 
in  the  respective  departmental  announcements. 

A  student  failing  to  hand  in  his  memoir,  drawings  or  other  summer 
work  at  the  time  specified  by  the  department  in  which  he  is  registered 
shall  be  considered  to  have  failed;  to  have  his  work  received  later,  he 
will  be  obliged  to  pay  a  fee  of  $5,  as  for  a  special  examination. 

15.  By  permission  of  the  Dean,  and  concurrence  of  the  heads  of 
departments  concerned,  a  student  may  attend  subjects  not  required  for 
his  degree,  provided  such  attendance  does  not  interfere  with  his  regular 
work.  He  must  fulfill  all  the  requirements  exacted  from  regular 
students  in  such  course. 

Application  for  each  special  examination,  except  as  provided  below, 
must  be  filed  at  the  office  of  the  Registrar  at  least  one  week  before 
the  examination  is  to  be  taken,  and  in  September  and  May  at  least  one 
week  before  the  first  day  of  the  respective  examination  periods  (in 
1912-13  not  later  than  Monday,  September  9,  and  Thursday,  April  24, 
respectively).  For  later  application  an  additional  fee  of  $5  for  any 
examination  or  series  of  examinations  will  be  charged.  Applications 
must  be  made  on  blanks  (one  for  each  course)  to  be  obtained  from 
the  Registrar. 

During  the  academic  year  students  will  be  held  responsible  for  the 
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receipt  of  reports  and  other  official  communications  sent  to  them  at 
the  coat  room  in  University  Hall.  During  the  summer  vacation  they 
will  be  held  responsible  for  the  receipt  of  such  communications  sent 
to  their  home  address  as  given  on  their  registration  blank  for  the 
preceding  academic  year. 

SCHOLARSHIPS 

Fifty  scholarships  of  $250  each,  payable  in  semi-annual  instalments 
during  the  maintenance  of  a  satisfactory  grade,  are  available  to  students 
in  Mining,  Engineering  and  Chemistry  who  are  in  good  academic  stand- 
ing, and  in  need  of  pecuniary  aid.  The  awards  are  not  based  on  compet- 
itive examinations.     Scholars  are  not  exempt  from  the  payment  of  fees. 

Applications  for  appointment  or  reappointment  should  be  made  on 
blanks  furnished  by  the  Secretary  of  the  University,  and  filed  with  him 
on  or  before  May  1. 

As  far  as  possible  awards  will  be  made  not  later  than  July  1  by  the 
Committee  on  Scholarships.  Scholarships  not  allotted  at  this  time,  or 
becoming  vacant,  may  be  filled  by  the  Committee  at  its  discretion. 

In  detail  these  Scholarships  are  as  follows: 

Open  to  students  who  have  been  in  the  University  at  least  one  year— 
7  J.  Pierpont  Morgan,  7  Cornelius  Vanderbilt,  10  D.  Willis  James, 
1  Morris  K.  Jesup,  1  Samuel  D.  Babcock,  1  Oswald  Ottendorfer. 

Open  to  students  of  any  class— 8  Faculty,  15  Special.  The  Richard 
Butler  scholarship  (open  to  students  born  in  Ohio;  for  special  regula- 
tions see  University  catalogue)  has  an  annual  value  of  $200. 

In  addition  40  Pulitzer  Scholarships,  carrying  free  tuition  and  a 
stipend  of  $250.  are  open  to  competition  by  graduates  of  the  New  York 
City  High   Schools. 

Marcus  Daly  Scholarship  in  Mining  Engineering 
The  Marcus  Daly  Scholarship  of  the  annual  value  of  $1,000,  main- 
tained by  Mrs.  James  W.  Gerard  in  memory  of  her  lather,  is  open  to 
that  worker  or  descendant  of  a  worker  in  the  Montana  mines  who 
passes  the  best  competitive  entrance  examinations.  The  winner  holds 
the  same  throughout  his  course  in  mining  engineering  and  is  subject 
to  all  the  rules  and  regulations  governing  scholarships  awarded  under 
the  jurisdiction  of  the  Faculty  of  Applied  Science.  The  next  scheduled 
competition  will  be  in  1915. 

Class  of  '85  Scholarship 

The  class  of  '85  scholarship  is  open  to  duly  registered  students  in 
the  Schools  of  Mines,  Engineering  and  Chemistry,  and  the  holder  is 
entitled  to  receive  the  net  annual  income  of  the  class  of  '85  School 
of  Mines  Scholarship  Fund  of  $8,200.  The  holder  is  subject  to  all 
the  rules  and  regulations  governing  scholarships  awarded  under  the 
jurisdiction  of  the  Faculty  of  Applied  Science. 


SCHOLARSHIPS  25 

Industrial  Research  Fellowship 

An  Industrial  Research  Fellowship  was  established  for  the  year 
iqii-12  by  the  American  Brake  Shoe  and  Foundry  Company  of  New 
York,  for  the  investigation  and  study  of  materials  to  improve  the 
tractive  force  and  wearing  qualities  of  brake  shoes  as  used  in  railroad 
service.  The  work  is  to  be  carried  out  in  the  chemical  laboratories  of 
the  University  and  in  one  of  the  plants  of  the  American  Brake  Shoe 
and  Foundry  Company  in  Mahwah,  New  Jersey. 

The  fellowship  has  a  value  of  $2,000,  $1,500  of  which  is  for  stipend 
and  $500  for  the  expense  of  materials  and  apparatus  in  connection 
with  the  investigation. 


MEDALS  AND  PRIZES 

A  prize  of  $50  is  awarded  annually  by  the  New  Jer-  Prize  of  the 
sey  Alumni  Association  to  the  New  Jersey  student  who  New  Jersey 
passes   the  best   entrance   examinations  to   the   Schools,  Alumni 

with  the  proviso  that  before  the  award  the  student  shall    Association 
complete  satisfactorily  one  half-year  of  academic  work. 

A  gold  medal  valued  at  $200,  endowed  by  President  Barnard 

Barnard,  is  awarded  quinquennially   (next  award,  1915)  Medal 

on  the  recommendation  of  the  National  Academy  of 
Science  to  the  person  who  within  the  five  years  next  preceding  shall 
have  made  such  discovery  in  physical  or  astronomical  science,  or  such 
novel  application  of  science  to  purposes  beneficial  to  the  human  race 
as  shall  be  esteemed  most  worthy  of  such  honor.  For  details  and  for 
a  list  of  previous  awards  see  the  Annual  Catalogue  of  the  University. 

A  bequest  of  $2,000   by  William  C.    Illig,   E.M.,   '82, 
provides  for  the  annual  award  of  medals  to  the  student     IIlig  Medals 
or  students  in  the  graduating  class  of  these  Schools  who  shall,  in  the 
judgment  of  the  Faculty,  have  merited  the  same  by  commendable  pro- 
ficiency in  their  regular  studies. 

A  prize  in  Mechanical  Engineering,  the  income  of 
$1,000,  bequeathed  by  Edward  A.  Darling,  formerly  Darling  Prize 
Superintendent  of  Buildings  and  Grounds,  is  awarded  annually  to  the 
most  faithful  and  deserving  student  of  the  graduating  class  in  mechani- 
cal engineering,  the  recipient  to  be  chosen  by  members  of  the  gradu- 
ating class  in  that  Course  from  among  three  names  to  be  chosen  by 
the  Faculty. 
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OPPORTUNITIES   FOR  ADVANCED   INSTRUCTION   AND 
RESEARCH 

Special  attention  is  called  to  the  opportunities  offered  through  the 
Faculty  of  Pure  Science  to  men  who  have  received  the  Bachelor's  degree 
or  its  equivalent  from  any  recognized  college  or  scientific  school  for 
advanced  instruction  and  research  in  Mining  Engineering,  Metallurgy, 
Civil  Engineering,  Electrical  Engineering,  Mechanical  Engineering, 
Chemical  Engineering  and  Chemistry,  leading  to  the  degrees  of  A.M. 
and  Ph.D.  Any  of  the  subjects  mentioned  above  may  be  offered  as  a 
major  or  minor  for  either  of  these  degrees.  An  outline  of  the  courses 
in  these  subjects  which  may  be  offered  toward  the  higher  degrees  by 
candidates  who  have  completed  the  necessary  prerequisites  will  be  found 
in  this  announcement  (see  pp.  81,  87,  102  and  107  et  seq.),  and  the 
general  regulations  as  to  graduate  work  are  printed  in  the  Announce- 
ment of  the  Faculties  of  Political  Science,  Philosophy  and  Pure  Science, 
which  may  be  had  upon  application  to  the  Secretary  of  the  University. 
Ordinarily,  the  degree  of  Master  of  Arts  may  be  obtained  after  one 
year's  work  in  residence  and  the  degree  of  Doctor  of  Philosophy  after 
three  years,  the  minimum  requirement  for  the  latter  degree,  however, 
being  two  years. 

In  1911-12  graduate  courses  in  highway  engineering  were  established. 
A  separately  printed  pamphlet  descriptive  of  this  work  may  be  had  on 
application  to  the  Secretary  of  the  University. 
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UNIFORM   CURRICULUM  FOR  THE  FIRST  YEAR 

The  curriculum  for  the  first  year  of  the  four-year  courses  leading 
to  the  degrees  of  Engineer  of  Mines,  Metallurgical,  Civil,  Electrical, 
Mechanical  and  Chemical  Engineer  and  Chemist  is  the  same  in  every 
respect  and  the  student  entering  the  first-year  class  need  not  declare 
which  course  he  will  follow  until  the  beginning  of  the  second  year, 
when  he  will  have  the  advantage  of  the  experience  gained  during  the 
first  year's  work,  where  uncertainty  exists  respecting  inclination  or 
natural  bent. 

As  will  be  seen  in  the  tabular  statement  given  below,  this  first  year 
is  mainly  devoted  to  a  thorough  grounding  in  Mathematics,  Physics 
and  Chemistry,  the  three  fundamental  subjects  which  form  the  indis- 
pensable basis  for  all  broad  and  successful  engineering  work,  not  only 
in  the  remaining  years  of  the  course,  but  throughout  the  entire  pro- 
fessional career.  Specialization  begins  to  some  extent  in  the  second 
year  and  becomes  more  marked  in  the  third  and  fourth  years. 

The  class  is  arranged  in  two  divisions,  Division  B  completing  En- 
gineering Drafting  and  Descriptive  Geometry  in  the  first  term,  while 
Division  A  is  completing  Qualitative  Analysis  and  General  Inorganic 
Chemistry,  the  two  divisions  reversing  the  operation  in  the  second  term. 
This  plan  secures  greater  concentration  of  work ;  it  facilitates  the  trans- 
fer of  students  to  advanced  standing  from  other  institutions;  and  it 
enables  well-prepared  students  entering  in  February  and  taking  ad- 
vantage of  the  University  Summer  Session  to  catch  up  with  their  class 
by  the  following  autumn. 

To  secure  the  most  effective  individual  instruction  the  class  is  also 
divided  for  quizzes  and  recitations  into  six,  eight,  and  in  some  cases 
twelve  sections. 


First  Half  Year 


Hours  per  week 


See  PaKe 


89 
log 
108 
109 


Drafting  1 
Drafting  3 
Mathematics  1 
Mathematics  3 
Mechanics,  1 
Phys.  Educ.  A 
Physics  3 


Engineering  Drafting 
Descriptive  Geometry 
Algebra 

Analytical  Geometry 
Elementary  Mechanics 
Gymnasium 
Elementary  Mechanics, 
Matter  and  Heat 


Properties  of 
Total.. 


Class       Lab 


16 


16 


Second  Half  Year 


76 

67 

71 

80 

108 

109 


Civii  Eng.  2 
Chemistry  4 
Chemistry  62 
Mathematics  64 
Phys.  Educ.  A 
Physics  4 


Theory  of  Surveying 

General  Inorganic  Chemistry 

Qualitative  Analysis 

Calculus 

Gymnasium  ^  -* 

Light,  Sound/  Electrieity--&^rgi**t4««t 


Total. 


19 


13 


Summer  Work  :  Civil  Eng.  15s.     Five  weeks  of  surveying  practice. 
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MINING   ENGINEERING 
General  Statement 

The  instruction  in  the  School  of  Mines  during  the  first  and  second 
years  includes  fundamental  training  in  mathematics,  physics,  mechanics, 
chemistry,  mineralogy,  and  geology,  as  outlined  in  the  program  of 
studies  on  pp.  27  and  34.  Laboratory  instruction  in  chemistry,  assaying, 
drafting,    mineralogy    and    geology   extends    through   three   years. 

The  engineering,  mining,  and  metallurgical  laboratories  are  equipped 
to  train  the  student  in  the  making  of  scientific  tests  of  engineering 
materials,  and  working  tests  of  machines  and  processes  of  ore  treat- 
ment, thus  preparing  him,  as  far  as  it  is  possible  in  the  school,  for 
work  that  he  will  be  called  upon  to  do  as  an  engineer. 

Practical  instruction  in  summer  classes  in  the  field  is  made  an  im- 
portant feature  of  the  curriculum.  Details  of  the  summer  courses  in 
mining,  metallurgy,  field  geology  and  surveying  will  be  found  on 
pages  31,  32  and  33. 

While  much  time  is  given  to  practical  training  in  the  laboratories, 
in  the  field,  and  at  the  mines  and  metallurgical  establishments,  care  is 
taken  to  subordinate  this  instruction  to  a  high  standard  of  accomplish- 
ment in  classroom  work. 

The  courses  are  severe,  and  should  be  undertaken  only  by  those  who 
are  well  prepared  physically,  mentally,  and  by  previous  training  to 
devote  themselves  earnestly  to  the  work  required  of  them. 

Advanced  Students  and  Graduates  can  choose  their  subjects  and  plan 
of  work  much  more  freely  than  undergraduates.  Suggestions  as  to 
graduate  work  will  be  found  on  page   112. 

Location — Many  coal,  iron,  and  other  mines,  together  with  quarries 
and  metallurgical  works,  are  easily  accessible  from  New  York  in  from 
one  to  four  hours  by  rail.  Among  these  are  magnetic  iron  mines  in  New 
York,  New  Jersey,  and  Pennsylvania;  stone  quarries  in  the  same 
States,  and  in  Connecticut;  anthracite  and  bituminous  coal  mines, 
and  natural  gas  and  oil  wells  in  Pennsylvania,  and  zinc  mines  in  New 
Jersey.  New  York  and  the  adjacent  States  produce  each  year  about 
half  the  pig-iron  and  coal,  and  over  fifty  per  cent,  of  the  total  value 
of  the  mineral  product  of  the  whole  country.  There  are  within  easy 
reach  of  New  York  City  iron  blast  furnaces  and  some  of  the  most 
skilfully  designed  and  managed  steel  works,  rolling  mills,  steel  and 
iron  foundries,  copper  smelting  and  refining  works,  lead-refining  works, 
zinc  works,  and  electrolytic  establishments  in  the  world.  New  York 
City,  moreover,  is  the  headquarters  of  many  corporations  operating 
mines  and  metallurgical  works  in  this  and  other  countries.  Within  a 
radius  of  one  hundred  miles  may  be  studied  many  phases  of  the  best 
practice  in  mining  and  metallurgy  in  the  country.  By  going  a  little 
farther  one  may  reach  the  bituminous  coal  fields  and  the  natural  gas, 
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oil  and  salt  regions  in  one  direction,  and  the  pyrite  deposits,  and  granite 
and  marble  quarries  of  New  York  and  New  England  in  the  other; 
while  the  excursions  of  the  summer  class  in  mining  extend  as  far  as  the 
copper,  iron,  zinc,  lead,  silver,  and  gold  regions  of  Michigan,  Missouri, 
Montana,  Colorado,  California,  Arizona  and  Utah  (see  page  32). 

Building— The  six-story  School  of  Mines  building,  given  by  Mr. 
Adolph  Lewisohn,  is  145  feet  long  by  57  feet  in  width.  The  basement 
and  sub-basement  contain  the  ore-dressing  laboratories.  On  the  main 
floor  are  the  mining  and  metallurgical  museums  and  lecture  rooms. 
On  the  second  floor  are  the  offices  of  the  department  of  mining,  the 
mining  and  metallurgical  department  libraries,  a  drafting-room  for  the 
design  work  of  the  fourth  year,  and  one  of  the  metallurgical  labora- 
tories. On  the  third  floor  are  the  offices  of  the  department  of  metal- 
lurgy, the  furnace  rooms,  the  chemical  laboratory,  metallographic  lab- 
oratory, and  the  research  laboratories  of  the  same  department.  On  the 
fourth  floor  are  the  assay  laboratories. 

Equipment 

Lecture  Illustrations— The  lectures  on  mining  are  illustrated  by 
sets  of  books  aggregating  over  300  volumes,  and  containing  120,000 
selected  blue  prints,  each  student  having  the  use  of  books  of  prints' for 
home  study  and  for  reference  during  the  lectures.  These  illustrations 
are  supplemented  by  lantern  slides  or  wall  diagrams. 

Mining  Library— The  University  library  contains  complete  sets  of 
the  transactions  of  all  mining,  metallurgical,  and  engineering  societies, 
and  of  the  more  important  periodical  publications  on  these  subjects. 
There  is  also  a  large  collection  of  books  on  mining,  and  all  new  pub- 
lications of  value  are  added  as  they  appear.  In  addition,  a  small  de- 
partmental library  has  been  created,  which  is  accessible  to  students  at 
all  times. 

Mining  Museum— The  subject  of  mining  is  illustrated  by  collections, 
as  follows :  Maps  of  coal  and  metal  mines  of  this  and  other  countries. 
Working  drawings,  diagrams,  and  photographs  of  mine  plant,  and  of 
mining  and  dressing  machinery.  Models  of  mines  and  parts  of  mines, 
and  of  mine  plant.  Mining  tools:  picks,  shovels,  hammers,  drills, 
blasting  apparatus,  lamps,  safety-lamps,  anemometers  and  machine 
drills.  Ores  and  dressing  products  from  typical  works  in  this  and 
other  countries.  Surveying  instruments:  geological  compasses  and 
clinometers,  attraction  compasses,  dipping  needles,  hanging  compasses 
and  arcs,  transits,  lamp  signals,  rods,  and  apparatus  for  plumbing  and 
measuring  shafts. 

Among  the  more  notable  exhibits  is  a  large  relief  model  of  one  of  the 
mines  of  the  Cleveland-Cliffs  Iron  Mining  Co.  of  Michigan,  a  similar 
model  of  a  typical  gold  mine  in  Colorado,  and  a  set  of  three  glass 
models  and  two  relief  models  of  the  Copper  Queen  Mine  in  Arizona,  a 
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model  of  the  mine  workings  in  the  Mahanoy  and  Shenandoah  anthra- 
cite coal  basins  Pennsylvania,  a  glass  model  of  the  mine  workings  on 
the  Calumet  Conglomerate  of  Houghton  County,  Michigan,  a  model 
of  a  standard  oil-well  drilling  rig,  and  a  model  of  the  St.  Joseph  Lead 
Co.'s  dressing  works  at  Bonne  Terre,  Missouri.  There  is  also  a  col- 
lection of  working  drawings  of  mine  plant,  and  a  large  collection  of 
underground  photographs,  taken  by  magnesium  light. 

Mining  Laboratories — These  laboratories,  occupying  seven  rooms, 
include  the  following: 

The  Laboratory  for  Mechanical  Assays  contains  appliances  for 
quantitative  work  in  hand  picking,  jigging  and  vanning  small  samples 
of  ore,  and  for  panning  gold-bearing  gravel.  For  small  scale  working 
tests  there  are  a  number  of  specially  designed  laboratory  classifiers, 
jigs  and  slime  tables. 

The  Crushing  and  Sampling  Laboratory  contains  machinery  for 
crushing  and  sampling  large  and  small  lots  of  ore,  including  gyratory 
and  jaw  crushers,  rolls,  a  sample  grinder,  ball  and  pebble  mills  for  fine 
crushing,  gyratory  screens,  automatic  samplers,  and  laboratory  crushers, 
together  with  sieves,  rifHe  samplers,  etc. 

The  Laboratory  for  Working  Tests  contains  an  air  jig,  a  buddle, 
a  keeve,  magnetic  and  electrostatic  separators,  and  other  similar  ap- 
paratus for  working  a  ton  or  more  of  ore  at  a  time. 

The  Laboratory  of  Ore-Dressing  Machinery  contains  full-sized  ma- 
chines of  standard  types.  The  apparatus  now  installed  includes  three 
Harz  jigs  of  two,  three  and  five  compartments;  a  Hooper  vanning  jig, 
a  Richards'  pulsator  jig  and  two  pulsator  classifiers,  two  round  tables, 
concave  and  convex;  a  Johnston  vanner,  a  Wilfley  table,  a  Deister 
slimer,  and  a  Stein-Bilharz  belt  table.  On  the  floor  below  are  full- 
sized  classifiers,  dewatering  cones,  automatic  feeders,  and  centrifugal 
pumps  for  supplying  these  machines  with  water  and  ore  for  continu- 
ous work. 

Mining  Laboratory  Instruction 

The  work  required  is  designed  (i)  to  illustrate  the  physical  laws 
and  practical  conditions  affecting  the  mechanical  concentration,  separa- 
tion, and  purification  of  minerals;  (2)  to  instruct  the  students  in  the 
details  of  quantitative  working  tests  on  both  small  and  large  scale; 
(3)  to  train  them  in  the  adjustment  and  operation  of  the  standard 
types  of  concentrating  machines,  and  in  testing  the  efficiency  of  such 
machinery  in  actual  operation,  and  (4)  to  give  opportunity  for  original 
research. 

The  work  includes  the  reduction  of  a  ton  or  more  of  ore  to 
laboratory  samples,  and  tests  on  portions  of  this  ore  by  handpicking, 
hand    jigging,    and    mechanical   treatment    on    laboratory   jigs,    classi- 
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fiers,  and  slime  tables,  to  determine  the  proper  method  of  mill  treatment. 
These  tests  are  controlled  by  crushing  and  vanning  samples  of  the 
products,  and  reports  of  the  results  obtained  are  made  in  a  systematic 
manner. 

The  large  concentrators  are  arranged  to  be  run  continuously,  for  as 
many  hours  as  may  be  necessary,  using  the  same  ore  and  the  same 
water  again  and  again.  This  is  accomplished  by  running  the  products 
of  the  several  machines  through  dewatering  cones,  from  which  the 
mixed  material  is  transferred  to  the  hoppers  of  automatic  feeders.  Vari- 
able speed  pulleys  permit  any  desired  adjustment  of  the  driving  mechan- 
isms. The  water  supply  is  drawn  from  a  constant  level  tank  fed  by 
a  centrifugal  pump,  and  is  regulated  by  dial  cocks.  Other  adjustments 
are  equally  under  control  and  can  be  varied  at  will. 

With  each  of  these  machines  the  student  makes  a  series  of  experi- 
ments. These  include  the  adjustment  and  regulation  of  the  ore  supply, 
of  the  feed  and  wash  water,  of  speed,  stroke,  and  other  working  con- 
ditions, to  the  treatment  of  different  ores  and  different  grades  of  sand 
and  pulp.  In  this  work  the  student  is  taught  to  recognize  the  symptoms 
of  irregular  working,  to  diagnose  the  trouble  with  the  aid  of  laboratory 
tests,  and  to  apply  the  proper  remedy.  Incidentally  he  makes 
tests  of  capacity  and  efficiency,  taking  frequent  samples  of  the  ore 
feed,  and  of  the  different  products  for  quantitative  examination,  and 
weighs  and  measures  the  ore  and  water  supply  and  products  obtained. 
Experiments  of  this  kind  for  purposes  of  instruction  cannot  well  be 
made  at  concentration  works  in  the  field.  There  the  machines  must 
work  regularly  and  without  interruption,  and  any  interference  with 
the  ore  feed,  water  supply,  or  other  adjustments  may  occasion  loss  of 
valuable  mineral. 

Research  Work— The  laboratories  have  facilities  for  original  in- 
vestigation in  the  physical  laws  controlling  the  mechanical  treatment 
of  minerals. 

Original  researches  have  recently  been  undertaken  by  graduate  stu- 
dents in: 

Investigation  of  magnetic  fields  with  reference  to  ore-concentration; 
the  effect  of  variations  in  the  speed  of  crushing  machinery  on  the 
production  of  undersized  material;  the  amalgamation  of  gold  ores; 
an  investigation  of  the  laws  of  jigging. 

Summer   Courses 

Summer  Courses  in  Surveying — About  five  weeks'  work  in  survey- 
ing is  required  of  each  class  between  the  first  and  second  years,  and 
eight  weeks  between  the  second  and  third.     See  pages  44  and  47. 

Summer  Course  in  Mine  Surveying — One  week  is  spent  at  a  mine 
in  underground  surveying.    In  1909  and  again  in  1910  this  work  was 
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done  at  the  Orchard  Mine,  Wharton,  N.  J.;  in  191 1,  at  workings  of 
No.  3  shaft,  of  Lehigh  Valley  Coal  Co.,  Hazleton,  Pa. 

Summer  Course  in  Practical  Mining— Six  weeks  are  spent  in  de- 
tailed study  of  the  plant  and  methods  of  working  at  some  mine  or 
mines  and  in  excursions  to  other  mines  and  mining  regions.  The 
course  includes  shaft-sinking,  drifting,  stoping,  timbering,  underground 
haulage,  hoisting,  mine  drainage,  ventilation,  surface  plant,  mine  build- 
ings, repair  shops,  houses,  etc.,  water  supply,  organization,  administra- 
tion, and  underground  surveying.  Arrangements  are  made  at  numerous 
mines,  by  which  the  students,  singly  or  in  small  groups,  may  do  the 
work  described  above  according  to  a  definite  plan  and  under  the  general 
direction  of  the  department. 

These  summer  courses  have  been  in  operation  since  1877,  and  have 
proved  themselves  an  indispensable  adjunct  to  the  regular  curriculum. 
They  bear  the  same  relation  to  the  study  of  mining  as  laboratory  work 
to  the  study  of  chemistry  or  physics,  or  clinical  instruction  and  hospital 
practice  to  the  study  of  medicine. 

In  1908,  a  division  of  the  class,  in  charge  of  an  instructor,  studied 
at  the  lead  mines  of  the  Federal  Lead  Co.,  Flat  River,  Mo.,  and  the 
zinc  mines  of  the  Joplin  district,  Mo.  The  larger  part  of  the  class 
was  sent  out  in  separate  squads  to  copper,  iron,  gold  and  silver  mines 
in  the  West,  at  which  arrangements  were  previously  made  and  the 
necessary  privileges  secured.  Among  these  mines  were  the  Wolverine, 
Michigan;  Golden  Reward,  Mogul  and  Homestake,  South  Dakota; 
Silver  Bow  and  others  of  Butte,  Montana;  the  properties  of  the  Ten- 
nessee Copper  Co.,  and  a  number  of  mines  in  Bisbee,  Tombstone,  Ca- 
nanea,  Cripple  Creek  and  Leadville.  Several  members  of  the  class  ob- 
tained underground  work  in  the  Center  Star  and  War  Eagle  mines, 
British  Columbia,  in  Butte  and  elsewhere.   The  class  numbered  40  men. 

In  1909  the  entire  class  of  39  students  was  again  distributed  in  small 
squads  at  gold,  silver,  copper,  zinc,  lead,  coal  and  iron  mines,  in  Colo- 
rado, Utah,  Arizona,  Idaho,  Montana,  Michigan,  Missouri,  Tennessee 
and  Pennsylvania.     The  time  occupied  was  from  7  to  10  weeks. 

In  1910,  the  class,  numbering  43  men,  was  scattered  through  16  States 
and  for  the  required  work  visited  over  60  mines. 

In  191 1,  the  class  numbered  40  men,  who  studied  at  gold,  silver,  cop- 
per, lead,  zinc  and  coal  mines,  in  12  different  states. 

In  1905  and  1906  the  non-ferrous  summer  class  in  metallurgy  visited 
copper,  lead,  gold,  silver  and  zinc  works  in  the  vicinity  of  New  York 
City.  The  work  in  iron  and  steel  was  performed  at  several  iron  and 
steel  works  in  the  vicinity  of  Pittsburg  in  1905.  In  1907  students  in 
metallurgy  visited  more  than  twenty  iron  and  steel  plants  near  Pitts- 
burg. In  1908  and  1909  and  1910  this  work  was  done  chiefly  in  the 
several  districts  visited  by  the  squads  of  mining  students. 
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This  work  was  supplemented  in  1910  by  organized  trips  in  June  and 
in  November  to  metallurgical  plants  in  the  vicinity  of  New  York. 

Summer  Courses  in  Geology— One  week  is  devoted  to  practical  field 
geology.  The  class  is  instructed  in  methods  of  field  observation,  locat- 
ing outcrops,  measuring  dip  and  strike,  keeping  notes,  etc.,  afterward 
constructing  maps  and  geological  sections  from  the  observations  noted ; 
all  under  the  supervision  of  the  Professor  of  Geology. 

Other    Departments 

Information  as  to  instruction  and  the  equipment  available  for  students 
of  Mining  and  Metallurgy  in  other  departments  of  the  University  is  to 
be  found  in  this  pamphlet  as  follows: 

Chemistry,  63;  Civil  Engineering  and  Surveying,  42-44;  Electrical 
Engineering,  52;  Geology,  87-89;  Mathematics,  89;  Mechanical  Engi- 
neering, 56;  Mineralogy,  103;  Physics  and  Mechanics,  109-110;  Metal- 
lurgy and  Assaying,  36. 
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ENGINEER  OF  MINES 

The  four-year  course  leading  to  the  degree  of  Engineer  of  Mines  is 
intended  primarily  to  train  men  to  undertake  the  development  of  min- 
eral properties,  the  design  and  construction  of  mine  plants,  and  to 
manage  mines.  It  is  necessarily  a  broad  one,  comprising  a  wide  range 
of  studies  in  pure  and  applied  science,  and  for  this  reason  is  frequently 
taken  by  students  desiring  a  general  scientific  training. 

The  subjects  most  emphasized  in  this  course  are  mining,  metallurgy, 
geology,  and  engineering.  Metallurgy  requires  knowledge  of  inorganic 
and  applied  chemistry,  qualitative  and  quantitative  analysis,  and  assay- 
ing. Geology  must  carry  with  it  preliminary  training  in  crystallography, 
mineralogy,  and  petrography. 

Engineering  in  all  its  branches  needs  a  fundamental  knowledge  of 
mathematics,  physics,  mechanics,  and  thermodynamics.  The  proper 
design  and  construction  of  mining  plants  involves  the  study  of  certain 
branches  of  civil  engineering,  and  the  many  and  increasing  applications 
of  machinery  to  mining  make  it  necessary  to  give  much  time  to  the 
theory  and  practice  of  mechanical  and  electrical  engineering. 


FIRST   YEAR 
See  page  27 

SECOND    YEAR 

First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

76 
82 
87 
8g 
103 
108 
109 

Civil  Eng.  23 
Drafting  7 
Geology  5 
Mathematics  65 
Mineralogy  1 
Phys.  Educ.  B 
Physics  5 

Theory  of  Railroad  Surveying 

Structural  Drafting 

General  Geology 

Calculus 

Mineralogy 

Gymnasium 

Electricity 

Total . . 

a 

3 
5 
3 

5 

3 

3 

6 
2 

18 

M 

Second  Half  Year 

73 
74 
83 
87 
109 
103 
108 

Chemistry  66 
Chemistry  82 
Elect.  Eng.  2 
Geology  6 
Mechanics  102 
Mineralogy  2 
Phys.  Educ.  B 

Quantitative  Analysis 
Industrial  Chemistry 
Elements  of  the  Dynamo 
General  Geology 
Analytical  Mechanics 
Mineralogy 
Gymnasium 

Total  . 

3 
3 
2 
3 
5 
3 

12 

3 
2 

19 

17 

SUMM 

er  Work  :  Civil  I 

Ing.  27s  and  28s,  Practical  Surveying  ( 

eight  w 

2ek6). 
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First  Half  Year                                     Hours  per  week 

See  Pag* 

Class 

Lab'y 

77 
77 
88 
go 

I02 
IO4 

Civil  Eng.  53 
Civil  Eng    53 
Geology  105 
Mech.  Eni<.  13 
Metallurgy  81 
Mining  51 

Resistance  of  Materials 

Resistance  of  Materials  (Testing  Lab.) 

Economic  Geology 

Steam  Power  Machinery 

Assaying 

Excavation  and  Tunneling 

Total.. 

5 

3 
3 
2 
3 

3 

3 

9 

16 

15 

Second  Half  Year 

77 
78 
83 
83 
87 
88 
go 

97 
104 
104 

105 

Civil  Eng.  54 
Civil  Eng.  64 
Elect.  Eng.  4 
Elect.  Eng.  72 
Geology  4 
Geology  106 
Mech.  Eng.  14 
Mech.  Eng.  80 
Mineralogy  6 
Mining  52 
Mining  54 

Resistance  of  Materials— problem  work 
Graphic  Statics 
Electric  Distribution 
Direct  Current  Laboratory 
Petrography  (6hrs.  for  2  months) 
Economic  Geology 
Steam  Power  Machinery 
Experimental  Mechanical  Laboratory 
Optical  Mineralogy  (6  hrs.  for  2  mos  ) 
Boring  &  Shaft  Sinking 
Methods  of  Mining 

Total.. 

1 
2 

3 
3 

X 

2 

3 

3 

3 

3 
3 

3 
3 

15 

18 

Summer  Work  :  Field  work,  Mining,  Metallurgy,  and  Geology  (9  weeks). 

FOURTH  YEAR 


First  Half  Year 


105 
106 
106 
106 
107 


Elect.  Eng.  75 
Geology  101 
Mech.  Eng.  17 
Metallurgy  101, 

in 
Metallurgy  131, 

,141 
Mining  71 
Mining  73 
Mining  75 
Mining  81 
Mining  91 


Alternating  Current  Laboratory 
Applied  Petrography  (elective) 
Technical  Thermodynamics 
Introduction  to  Metallurgy  and  Metal- 
lurgy of  Copper 
Electro-Metallurgy  and  Iron  'and  Steel 

Mine  Plant 

Mine  Constructions 

Design  of  Mine  Plant 

Ore  Dressing 

Mine  Administration  and  Accounts 


Total. 


18 


Second  Half  Year 


79 
87 
88 
96 
101 

99 
Jo5 
105 
106 
106 
107 
107 


Civil  Eng.  76 
Geology  16 
Geology  no 
Mech.  Eng.  74 
Metallurgy  72 
Metallurgy  122 
Mining  56 
Mining  72 
Mining  78 
Mining  80 
Mining  82 
Mining  94 


Hydraulics 

Paleontology  (elective) 

Geological  Surveys 

Gas  Power  Machinery 

Metallurgical  Laboratory  (10  afts) 

Metallurgy  of  Gold,  Silver,  etc. 

Mine  Engineering 

Mine  Plant 

Thesis 

Mill  Constructions 

Ore  Dressing  (Lab.)— (afts.  of  3  weeks) 

Mining  Law 

Total. 
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METALLURGICAL    ENGINEERING 
General    Statement 

The  primary  aim  of  the  four-year  course  leading  to  the  degree  of 
Metallurgical  Engineer  is  to  train  students  to  take  administrative  or 
laboratory  positions  in  metallurgical  works.  Great  stress  is  laid  on  the 
original  planning  and  executing  of  work,  under  constant  criticism  and 
discussion  from  the  teachers. 

The  undergraduate  instruction  consists  of  (i)  class-room  work,  lec- 
tures, conferences,  study  of  text-books;  (2)  general  laboratory  work 
in  metallurgy;  (3)  training  in  planning  and  executing  original  re- 
search; (4)  summer  courses  and  other  visits  to  industrial  metallurgical 
works. 

Much  importance  is  attached  to  a  thorough  training  in  the  funda- 
mental subjects,  mathematics,  chemistry,  physics,  geology,  mineralogy, 
and  engineering,  and  to  the  higher  branches  of  engineering,  chemistry 
and  important  courses  in  mining  engineering,  with  a  view  to  their  ap- 
plications to  metallurgical  and  like  manufacture. 

The  instruction  in  metallurgy  is  based  on  the  most  advanced  practice 
in  science  of  to-day  and  covers  the  ground  from  the  introductory  courses 
in  metallurgy  to  the  special  advanced  courses  in  the  various  branches  of 
the  subject. 

To  graduate  and  other  advanced  students  and  properly  qualified  prac- 
titioners the  department's  laboratories  are  open  under  generous  restric- 
tions. 

Location    and    Equipment 

Location.  For  the  advantages  of  New  York  and  the  adjacent  states 
see  page  26. 

Metallurgical  Establishments  Accessible.  Some  of  the  most  instructive 
and  advanced  iron,  steel,  copper,  lead,  zinc,  and  electrolytic  works  in 
the  world  are  accessible  to  students  for  the  study  of  many  phases  of 
the  best  metallurgical  practice.  See  also  page  98.  The  summer  classes 
visit  in  different  years  metallurgical  establishments  in  all  parts  of  the 
country,  including  the  extreme  West  and  South. 

Building.  The  department  occupies  about  half  the  new  School  of 
Alines  Building.     See  page  29. 

Collections.  There  are  large  and  growing  collections  of  lecture  dia- 
grams ;  of  models  and  working  drawings  of  metallurgical  furnaces  and 
machinery;  of  apparatus  for  lecture  demonstration  and  illustration  of 
metallurgical  principles  and  processes;  and  a  very  large  collection  of 
metallurgical  specimens  and  suites,  with  descriptive  and  explanatory 
notes.  The  metal-working  shop  has  power-driven  machines  for  cutting 
specimens,  etc.  Most  of  the  furnaces  are  gas-fired,  and  those  furnaces 
which  are  intended  for  precise  work  are  heated  by  electric  resistance. 
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Metallurgical  Laboratories.  Of  these  there  are  four.  They  serve 
four  chief  purposes:  (1)  to  give  skill  in  the  use  of  the  instruments  of 
precision  of  the  art;  (2)  to  teach  the  underlying  principles  of  metal- 
lurgy and  give  familiarity  with  the  conditions,  especially  as  to  high 
temperature,  under  which  metallurgical  operations  must  be  carried  on, 
and  the  use  of  the  principal  types  of  furnaces  and  other  metallurgical 
apparatus,  or  in  short  "Analytical  metallurgy";  (3)  to  give  some  ac- 
quaintance with  certain  industrial  metallurgical  processes,  or  what  may 
be  called  "Applied  metallurgy";  and  (4)  to  give  advanced  students  and 
qualified  practitioners  the  means  of  making  metallurgical  and  metal- 
lographic  researches. 

The  Instruments  of  Precision.  The  students  acquire  skill  with  the 
thermo-electric  pyrometer,  some  industrial  and  some  autographic,  with 
the  Wanner  optical  and  the  Fery  radiation  pyrometer,  besides  which 
they  have  the  opportunity  of  using  the  Mesure  and  Noel  (Ducretet) 
and  the  Le  Chatelier  optical  and  the  Calorimetric  one  of  Siemens. 
There  are  ammeters  and  voltmeters  for  controlling  the  electric  furnaces ; 
sclerometers  for  measuring  hardness;  Fremont  and  Brinell  impact 
testing  machines;  a  tensile  testing  machine;  a  Berthelot  calorimeter 
for  testing  fuels;  and  many  other  instruments. 

Non-Ferrous  and  Electro-Metallurgical  Laboratory.  A.  For  wet  and 
dry  metallurgy,  the  extraction,  refining,  and  alloying  of  the  non-ferrous 
metals,  there  are  ore-roasting  furnaces;  gas-fired  crucible  furnaces; 
assay  muffle  furnaces ;  a  high  temperature  forge ;  cyanide  plants ;  a  filter 
press;  amalgamating  pans;  a  chlorinating  barrel;  ball  mills;  two  de- 
silverization  kettles;  and  pyrometers.  B.  For  electro-metallurgy,  the 
electrical  recovery,  deposition,  refining,  and  alloying  of  metals,  there  are 
storage  batteries ;  electrolytic  refining  vats ;  and  electric  furnaces  of  the 
Moissan  arc,  Borchers  arc  and  resistance  types. 

The  Iron  and  Steel  Laboratory.  Here  there  are  electric  and  double 
muffle  gas  furnaces  especially  designed  for  this  laboratory,  in  which 
many  full-sized  tensile  test  bars  may  simultaneously  be  heated  to  any 
temperature  up  to  13000  C,  with  uniformity  and  precision;  gas  and 
direct-fired  crucible  furnaces;  gas  forges;  many  special  furnaces;  and 
small  power-driven  rolls  for  studying  the  influence  of  the  conditions  of 
rolling  on  the  properties  of  metals. 

The  Metallo graphic  Laboratories,  for  the  microscopic  and  pyrometric 
study  of  metals,  mattes,  slags,  etc.,  in  which  every  student  in  metal- 
lurgical engineering  has  to  become  skillful,  has  microscopes  of  the 
Leitz,  Le  Chatelier,  Swift,  Beck,  and  other  types;  equipment  for 
illumination  and  photography;  electric  resistance  furnaces  of  different 
types;  portable  gas   furnaces;  and  pyrometers. 

An  Analytical  Laboratory  in  which  the  students  apply  to  their  own 
metallurgical  researches  the  methods  of  chemical  analysis  already 
learned  in  the  Department  of  Chemistry   (p.   70). 
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The  Assay  Laboratory.  Has  for  its  main  equipment  thirty-six  gas- 
fired  muffle  furnaces,  with  a  corresponding  number  of  desks,  which  are 
arranged  in  rows  with  a  furnace  facing  each  desk.  There  are  also  a 
sufficient  number  of  coke  pot,  coal  muffle  and  gasoline  furnaces  for  the 
student  to  become  familiar  with  these  types.  The  usual  balance  grind- 
ing, and  cupel  rooms  are  provided. 

Supplies.  There  is  a  large  stock  of  ores,  irons,  steels,  alloys,  refrac- 
tory materials,  fluxes,  etc.,  which  may  be  used  for  investigations 

The  Metallurgical  Library,  containing  about  fifteen  hundred  volumes 
of  metallurgical  treatises,  text-books,  periodicals,  etc.,  is  open  to  all 
students,  and  to  others  properly  introduced.  Books  may  be  borrowed 
under  suitable  restriction. 

Metallurgical  Laboratory  Instruction 

In  order  to  become  familiar  with  a  wide  range  of  the  conditions 
and  principles  of  metallurgy,  the  student  makes  many  experiments,  each 
illustrating,  testing,  or  aiming  to  discover  some  one  or  more  metal- 
lurgical principles  or  reactions,  or  the  conditions  which  permit  a  given 
reaction  to  occur.  He  must,  in  general,  after  each  experiment  enun- 
ciate briefly  ,n  writing  the  law  to  which  his  results  point,  or  indicate 
how  far  those  results  severally  and  collectively  support  or  oppose  a 
given  proposition. 

These  experiments  relate  chiefly  to  such  subjects  as  the  influence  of 
thermal  treatment  on  the  properties  and  microstructure  of  metals  and 
alloys,  especially  iron  and  steel;  the  determination  of  melting  points  and 
other  temperatures;  the  relation  between  the  composition  of  slags  and 
their  fusibility;  the  influence  of  fluxes;  the  behavior  of  refractory  ma- 
terials at  high  temperatures,  either  alone  or  in  contact  with  different 
slags;  the  temperature  limits  and  the  reactions  of  roasting  operations- 
the  influence  of  various  bodies  on  the  reactions  which  take  place  in 
roasting,  in  the  cyanide  process,  in  the  chlorination  process,  and  in  pan 
amalgamation;  the  interaction  of  carbon  and  molten  oxides,  sulphides 
silicates,  etc.,  etc. 

Summer  Courses 
Summer  Courses  in   Metallurgy-No.   62s   for  mining  engineers 
consisting  of  visits  to  non-ferrous  metallurgical  plants  for  a  period  of 
one  week. 

t  For  metallurgical  engineers  the  summer  course  lasts  six  weeks  and 
includes  No.  64s,  visits  to  iron  and  steel  metallurgical  plants,  and  66s 
visits  to  plants  for  other  metals.  On  these  trips,  which  cover  the 
practice  in  both  the  east  and  the  west,  the  students  are  instructed 
in  the  actual  metallurgical  operations  as  carried  on  in  the  field  A 
prominent   part  of  these   courses   consists  of  work  such   as   making 
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written  descriptions  of  the  processes,  and  sketches  of  the  furnaces  and 
other  apparatus,  with  dimensions,  usually  from  the  student's  own  esti- 
mate; explaining  the  principles  on  which  the  processes  rest,  the  reasons 
for  the  special  shapes  and  sizes  of  the  apparatus,  the  chief  technical 
difficulties,  how  they  are  overcome,  and  by  what  tests  the  processes 
are  controlled;  giving  the  number  of  men,  and,  as  far  as  practicable, 
the  consumption  of  fuel  and  other  materials,  the  thoroughness  of  recov- 
ery of  the  metal  sought,  etc.  From  an  imaginary  set  of  prices  and 
wages  the  students  have  to  calculate  the  cost  and  profit  of  certain 
operations. 

Summer  Courses  in  Surveying — About  thirteen  weeks'  work  in  sur- 
veying is  required  of  the  class  between  the  first  and  second  years. 
See  pages  44  and  45. 

Summer  Courses  in  Geology— After  the  third  year  at  least  one  week 
is  devoted  to  practical  field  geology.     For  details  see  page  88. 

Metallurgical  Excursions— At  stated  times  excursions,  open  only 
to  students  in  Metallurgical  Engineering,  are  made  to  the  neighboring 
foundries,  machine  shops,  mines,  and  other  points  of  interest.  The 
students  attend  these  excursions  in  squads  of  such  size  that  proper  in- 
dividual instruction  can  be  given  to  each  member  of  the  squad. 
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COURSES   LEADING   TO   THE  DEGREE  OF 
METALLURGICAL  ENGINEER 

This  course,  which  covers  four  years,  is  intended  for  those  who 
expect  to  follow  metallurgical  work  and  become  trained  metallurgists 
in  any  of  the  branches  of  the  profession.  For  the  first  two  years  much 
attention  is  paid  to  a  thorough  training  in  fundamental  subjects,  espe- 
cially in  mathematics,  chemistry,  physics,  geology,  mineralogy,  and 
preliminary  courses  in  engineering.  In  the  third  year  instruction  in 
metallurgy  begins  both  by  lectures  and  in  the  laboratories,  while 
courses  in  engineering,  especially  mechanical  engineering,  chemistry, 
and  geology,  are  also  provided  for.  The  fourth  year  is  devoted  largely 
to  advanced  courses  in  metallurgy,  and  great  stress  is  laid  on  giving, 
by  laboratory  work,  familiarity  with  difficult  high  temperature  con- 
ditions of  metallurgy,  skill  in  microscopy  and  pyrometry  and  training 
in  execution  and  in  the  interpretation  of  the  results  developed.  At 
the  same  time  attention  is  devoted  to  the  higher  branches  of  engineer- 
ing and  chemistry  and  to  important  courses  in  mining  engineering 
which  are  considered  necessary. 

In  the  summer  schools,  carefully  arranged  courses  in  general  survey- 
ing, in  railroad  work,  geological  field  work,  and  visits  to  metallurgical 
works  are  provided  for.  In  the  six  weeks'  summer  courses  at  metal- 
lurgical works,  the  students  are  required  to  carefully  study  processes, 
make  dimension  sketches  of  furnaces  and  mills,  and  by  observation  and 
instruction  are  given  a  thorough  understanding  of  metallurgical  opera- 
tions as  conducted  at  the  present  time. 

FIRST   YEAR 

See  page  27 

SECOND  YEAR 


First  Half  Year 

Hours  per  wee 

See  Page 

Class 

Lab'y 

76 

82 

87 

89 

103 

108 

109 

109 

Civil  Eng.  23 
Drafting  7 
Geology  5 
Mathematics  65 
Mineralogy  7 
Phys.  Educ.  B. 
Physics  5 
Physics  43 

Theory  of  Railroad  Surveying 

Structural  Drafting 

General  Geology 

Calculus 

Mineralogy 

Gymnasium 

Electricity 

Physical  Laboratory 

Total.. 

2 

3 
5 

3 

5 

3 
3 

3 

2 

6 

18 

17 

Second  Half  Year 

73 
74 
83 
87 
109 
104 
108 

Chemistry  66 
Chemistry  82 
Elect.  Eng.  2 
Geology  6 
Mechanics  102 
Mineralogy  8 
Phys.  Educ.  B. 

Quantitative  Analysis 
Industrial  Chemistry 
Elements  of  the  Dynamo 
General  Geology 
Analytical  Mechanics 
Mineralogy 
Gymnasium 

Total.. 

3 

3 
2 
3 
5 
3 

XJ9 

12 

3 
2 

17 

Summer  Courses 
Surveyi 

:  Surveying  Practice  5  weeks  (Civil  Eng. 
lg  Practice  3  weeks  (Civil  Eng.  28S). 

27S). 
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THIRD  YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

LabV 

77 

Civil  Eng.  53 

Resistance  of  Materials 

5 
3 
3 

6 

83 

Geology  105 

Economic  Geologv 

90 

Mech.  Eng.  13 

Steam  Power  Machinery 

102 

Metallurgy  81 

Assaying 

98 

Metallurgy  101 

Introduction  to  Metallurgy 

9 

99 

Metallurgy  in 

Metallurgy  of  Copper 

Total.. 

2 

16 

*5 

Second  Half  Year 

78 

Civil  Eng.  64 

Graphic  Statics 

3 

79 

Civil  Eng.  76 

Hvdraulics 

!3 

Elect.  Eng.  72 

Direct  Current  Laboratory 
Electric  Distribution 

3 

85 

Elect.  Eng.  104 

87 

Geologv  4 

Petrography 
Economic  Geology 

3 

88 

Geologv  106 

3 

3 

90 

Mech.  Eng.  14 

Steam  Power  Machinery 

95 

Mech.  Eng.  5o 

Hydraulic  Laboratory 

3 

99 

Metallurgy  122 

Metallurgy  of  Lead,  etc. 

3 

104 

Mineralogy  6 

Optical  Mineralogv 

3 

105 

Mining  54 

Methods  of  Mining 

3 

Total.. 

18 

15 

SUM1 

Steel  V 

er  Courses  :  Nor 
forks  Visits  3  weel 

i-ferrous  Works  Visits  3  weeks  (Met.  66S 
:s  (Met.  64S).    Geology  Field  Work  1  wee 

.    Iron 

k(Geol 

and 
112S). 

FOURTH  YEAR 


First  Half  Year 


106 
106 
107 


Chemistry  121 
Elect  Eng.  75 
Mech.  Eng.  17 
Metallurgy  77 
Metallurgy  131 
Metallurgy  141 
Metallurgy  151 
Metallurgy  171 
Metallurgy  175 
Mining  73 
Mining  81 
Mining  91 


Physical  Chemistry 
Alternating  Current  Laboratory 
Technical  Thermodynamics 
Metallurgical  Plant  Construction 
Metallurgy  of  Iron  and  Steel 
Electrometallurgv 
Constitution  of  Alloys 
Metallurgical  Laboratory 
Metallurgical  Investigation 
Mine  Constructions 
Ore  Dressing 
Mine  Administration  and  Accounts 

Total. 


18 


Second  Half  Year 


71 

Chemistry  122 

96 

Mech.  Eng.  72 

96 

Mech.  Eng.  76 

99 

Metallurgv  118 

100 

Metallurgy  128 

100 

Metallurgv  138 

100 

Metallurgv  148 

IOI 

Metallurgy  158 

102 

Metallurgv  172 

107 

Mining  80 

107 

Mining  82 

107 

Mining  94 

Physical  Chemistry 
Gas  Power  Machinery 
Experimental  Mech.  Engineering 
Advanced  Metallurgy  of  Copper 
Advanced  Metallurgv  of  Lead,  etc. 
Advanced  Metallurgv  of  Iron  and  Steel' 
Advanced  Electrometallurgv 
Advanced  Course  on  Constitution  and1 

Propertv  of  Alloys 
Metallurgical  Laboratory 
Mill  Construction 
Ore  Dressing 
Mining  Law 

Total..! 


M 


15 
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CIVIL   ENGINEERING 

General    Statement 

The    four-year  course  leading  to   the   degree  of  Civil   Engineer  is 
designed  to  afford  a  thorough  analytical  training  in  construction  and 
management.     The  course  contains  numerous  and  extended  practical 
exercises    in   those   matters    which    pertain   to   the   profession   of   the 
civil    engineer    in    relation    to    all    classes    of    structures    and    public 
works   and   in   connection   with   the  various   developments   and   appli- 
cations   of    power    by    the    use    of    steam,    electric,    water,    and    air 
motors.    This  course  is  also  designed  to  be  an  educational  preparation 
for  those  duties  or  functions  of  an  executive  character  whose  discharge 
in  connection  with  the  management  of  public  or  other  works  requires, 
or  is  rendered  more  efficient  through,  a  thorough  knowledge  of  civil 
engineering.    The  breadth  and  nature  of  this  educational  training  adapts 
it  no  less  efficiently  to  the  purposes  of  those  who  intend  to  follow  call- 
ings not  of  an  engineering  character  but  which  may  be  related  more 
or  less  to  manufacturing,  to  structural  matters,  or  to  the  development 
and  application  of  power.     The  theoretical  portion  of  the  instruction 
is  based  largely  upon  the  courses  given  in  the  departments  of  Mathe- 
matics, Mechanics,  and  Physics,  and  the  results  obtained  are  applied 
to  practical  engineering  work.    Special  stress  is  laid  upon  the  design  by 
the  student  of  the  various  structures  and  machines  which  the  civil  engi- 
neer is  called  upon  to  construct  or  operate  in  the  practice  of  his  profes- 
sion.   The  instruction  is  given  by  lectures,  demonstrations  by  the  student, 
and  frequent  conferences,  co-ordinate  with  which  the  work  of  design  is 
continuously  carried  on.    It  covers  comprehensively  the  subjects  of  sur- 
veying, road  and  railroad  engineering,  water  supplies  of  cities  and  towns, 
irrigation,  sanitary  engineering,  including  sewage  disposal,  both  graphic 
and  analytic  treatment  of  all  metallic  structures,  foundations,  retaining 
and  reservoir  walls,  high  masonry  dams,  sewer  systems,  hydraulic  en- 
gineering, rivers  and  harbors,  pumping  engines,  hydraulic,  steam  and 
electric  motors. 

Ample  facilities  are  afforded  for  post-graduate  students  in  civil  en- 
gineering, and  special  students  are  admitted  to  various  engineering 
courses  of  the  department  upon  evidence  of  proper  qualifications. 

Equipment 

The  school  possesses  an  unusually  full  equipment  of  engineers'  and 
solar  transits,  levels,  plane  tables,  compasses,  and  all  accessories,  as  well 
as  smaller  instruments.     Current  meters,  hook  gauges,  and  floats  of 


CIVIL  ENGINEERING  43 

various  types  are  also  used  in  making  observations  on  the  flow  in,  and 
discharge  of,  rivers  and  canals.  A  complete  set  of  sections  of  iron  and 
steel  shapes,  models  and  photographs  of  engineering  works,  together 
with  working  plans  of  the  latter,  are  in  the  department  for  the  use  of 
students.  The  hydraulic  laboratory  affords  opportunity  for  the  prac- 
tical operations  of  measuring  the  discharge  through  weirs  and  other 
orifices,  the  flow  through  open  channels  and  closed  pipes,  frictional  and 
other  resistances  in  pipes  and  open  channels,  as  well  as  for  meter  gaug- 
ings,  and  for  general  hydraulic  investigations.  The  testing  work  in  the 
mechanical  laboratory  includes  the  complete  tests  of  various  structural 
materials  in  tension,  compression,  bending,  and  torsion,  including  the 
observation  and  digesting  of  all  corresponding  data. 

A  cement-testing  laboratory  is  fully  equipped  with  testing  machines, 
briquette  molds,  tanks,  and  other  apparatus  requisite  for  all  classes  of 
investigations  in  the  nature  and  physical  properties  of  cements  and 
cement  mortars. 

A  complete  laboratory  for  the  testing  of  road  materials  has  been 
established  and  is  constantly  in  use  for  investigations  connected  with 
materials  suitable  for  road  building.  The  facilities  offered  by  the  labora- 
tory are  full  and  sufficient  to  make  all  tests  required  to  determine  resist- 
ance to  abrasion,  classification  of  sand,  gravel  and  broken  stone  and  the 
cementing  power  of  all  qualities  of  road  materials.  The  laboratory  is 
at  the  service  of  students  and  is  used  by  them,  both  for  the  ordinary 
prosecution  of  studies  to  which  the  determination  of  results  is  related 
and  for  the  purposes  of  thesis  work,  and  other  similar  investigations. 

The  Materials  Testing  Laboratory  is  located  at  the  north  end  of 
the  main  floor  of  the  Engineering  Building.  It  is  fully  equipped  with 
modern  appliances  for  the  conduct  of  tests  upon  all  structural  materials. 
There  are  seven  testing  machines  varying  in  capacity  from  600  lbs.  to 
400,000  lbs.,  representing  all  American  types,  including  a  150,000-lb. 
Emery  hydraulic  power  machine,  which  is  a  standard  of  accuracy,  and 
the  refinement  of  mechanical  construction.  These  machines  are  suited 
to  make  tension,  compression,  transverse  and  torsion  tests  upon  metals, 
also  to  make  all  desired  tests  upon  building  materials,  such  as  timber, 
stone,  brick,  concrete  blocks  or  concrete-steel  beams,  columns,  partition 
blocks,  and  all  built  up  materials. 

The  laboratory  is  also  liberally  supplied  with  a  large  assortment  of 
extensometers,  deflectometers,  micrometers,  gauges,  and  similar  instru- 
ments of  precision  for  measurement  of  test  pieces. 

Other  apparatus,  such  as  delicate  scales  of  different  sizes  for  use  in 
absorption  and  freezing  tests  on  building  materials,  also  pyrometers 
and  furnaces  for  the  conduct  of  fire  tests  upon  all  kinds  of  fire-resisting 
materials  are  available. 
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General    Statement   of    the    Summer    Courses    in    Surveying    and 
Geodesy  at  Camp  Columbia,  Morris,   Conn. 

The  instruction  in  Surveying  given  by  the  Department  of  Civil  Engi- 
neering consists  of  lectures,  recitations  and  problem  work,  supplemented 
by  instrumental  practice  in  field  work,  and  office  work  in  computation 
and  mapping.     The  general  lectures  and  recitations  are  given  at  the 
University.     The  field  practice  is  given  during  the  three  summer  vaca- 
tions of  the  regular  four-year  course.    The  subject  of  Geodesy  is  given 
by  the  Department   of  Astronomy,  and  the  practical   work  connected 
therewith  is  done  under  the  supervision  of  that  department  by  students 
in   Civil   Engineering  during  a  portion   of  five  weeks  of  the   summer 
vacation  between  the   third  and   fourth  years.     The  theory  of   Plane 
,"'ey.!nZ>  indudl"g  Railroad  Surveying,  is  given  by  the  Department 
of  Civil  Engineering.   The  field  practice  is  conducted  under  the  direction 
of  the  Department  at  Camp  Columbia,  a  point  in  the  country  near  Litch- 
field, Conn.,  where  ample  facilities  are  provided  for  all  requisite  opera- 
tions, and  where  the  topography  and  climate  are  admirably  adapted  to 
the  pract.cal  work  of  surveying.     Five  weeks'  continuous  attendance  is 
required   of  all    students   in   the    Schools   of   Mines,   Engineering   and 
Chemistry  during  the  summer  between  the  first  and  second  years.    (See 
C.   E     15,   page   76.)      Five   weeks'    additional   attendance   is    required 
of  all   students   in    Civil    Engineering    (see   C.    E.    25,   page  76),   and 
eight   weeks   of  all    students    in    Metallurgy,    and    eight    weeks   of   all 
students    in    Mining    (see    C.    E.    27    and    28,    page    77),    during    the 
summer  between  the  second  and  third  years.     Nine  weeks'  continuous 
attendance  is  required  of  all  students  in  Civil  Engineering  during  the 
summer  between  the  third  and  fourth  years  (see  C.  E.  26,  Astronomy 
107  and  C  E.  71,  pages  76,  70,  79).     During  the  summer  of  1912  the 
Summer  Courses  in   Surveying  and  Geodesy  will  be  in  session  about 
fifteen  weeks. 

No  student  taking  these  courses  will  be  excused  from  any  part  of 
any  course  on  account  of  work  done  elsewhere,  unless  that  work  has 
been  done  under  the  immediate  direction  of  an  instructor  of  an  institu- 
tion which  grants  degrees  in  Mining  or  Civil  Engineering.  In  no  case 
will  credit  be  given  except  upon  the  evidence  of  field-notes,  maps  and 
reports  presented  to  the  Professor  in  charge  of  the  courses. 

Two  examinations  will  be  held  at  Camp  Columbia  and  at  Columbia 
University  for  new  students,  special  students  and  students  who  fail 
to  receive  a  mark  of  5.0  (this  is  not  a  passing  mark  in  C.  E.  2  but 
entitles  the  student  to  take  Course  C.  E.  15)  or  more  in  C.  E  2  and 
this  examination  must  be  taken  by  these  men  before  they  begin 'field 
work  The  first  examination  will  be  held  July  5  for  students  who  de- 
sire to  enter  with  Div.  G,  and  the  second  one  August  o,  lgi2  for 
students  who   desire  to   enter  with   Div.    I.     The  University  provides 
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houses  or  tents  having  elevated  floors,  furnished  with  cots  and  draft- 
ing tables.  There  are  also  provided  a  dining  hall  and  bath  house. 
Arrangements  may  be  made  for  laundry  work  to  be  done  in  the  neigh- 
borhood. A  supply  of  drafting  materials  (not  instruments)  is  kept 
on  sale.  Especial  attention  is  given  to  the  wholesome  and  substantial 
character  of  the  table. 

The  cost  of  board  is  $675  per  week  and  is  charged  against  the  indi- 
vidual deposits.  The  account  against  each  student  is  reckoned  from 
the  day  announced  for  his  division  to  assemble.  No  allowances  or  re- 
ductions are  made  for  absences  of  less  than  one  week,  and  then  only 
in  the  event  of  notice  having  been  given  and  excuse  granted  by  the 
officer  in  charge  at  least  one  day  in  advance  of  the  beginning  of  such 
absence. 

Each  student  intending  to  take  work  in  these  courses  must  register 
with  the  Registrar  of  the  University  not  later  than  May  10.  Subse- 
quent changes  in  plans  must  be  reported  at  once. 

Every  student  must  be  present  on  the  day  appointed  for  his  division 
to  assemble,  unless  other  arrangements  have  been  made  with  the  officer 
in  charge.  Failure  to  comply  with  this  regulation  may  be  sufficient 
cause  to  refuse  the  applicant's  admission  to  the  courses. 

Deposits  for  Camp  Expenses 
Every  student  before  starting  for  Camp,  and  at  the  same  time  the 
fees  for  the  summer  session  in  surveying  are  paid,  shall  make  a  deposit 
at  the  Bursar's  office  at  Columbia  University  to  meet  Camp  expenses, 
viz.,  board,  laundry,  charges  for  drawing  material,  notebooks,  etc.; 
also  to  cover  any  damage  to,  breakage,  or  loss  of  instruments  or  Camp 
equipment,  and  transportation  of  self  and  baggage  from  the  station 
to  and  from  the  Camp.  The  Bursar's  receipt  for  said  deposit  shall  be 
presented. to  the  professor  in  charge  of  the  summer  session  upon  the 
arrival  of  the  student  in  Camp. 

The  amounts  of  the  deposit  varies  with  the  course  or  the  number  of 
courses  taken  and  is  as  specified  below.  Students  intending  to  take  two 
or  more  courses  shall  deposit  an  amount  equal  to  the  sum  total  of  the 
deposits  herein  specified  for  the  respective  courses.  The  balance  of  the 
deposit  which  shall  remain  to  the  credit  of  the  student  after  his  with- 
drawal from  the  session  will  be  returned  to  him  during  the  following 
October  upon  his  application  to  the  Bursar  of  Columbia  University.  In 
case  the  total  charges  exceed  the  deposit  the  student  will  be  subject  to 
an  additional  assessment. 

The  deposit  for  C.  E.  15  shall  be  $50;  for  C.  E.  25,  $50;  for  C.  E. 
26,  $20;  for  C.  E.  27,  $50;  for  C.  E.  28,  $35;  for  C.  E.  71,  $35;  and  for 
Geodesy  107,  $30. 

The  deposit  for  any  one  survey  of  Course  15,  25,  or  27  shall  be  $15. 
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FEES. 

Laboratory  fees,  payable  on  or  before  the  last  Saturday  in  May,  are 
required  as  follows:  Civil  Engineering  course  No.  15,  $25,  or  $7  per 
survey;  No.  25  and  No.  27,  $15,  or  $3.50  per  survey;  No.  26  $5-  No 
28  and  No.  71,  $10. 

Non-candidates,  candidates  for  admission  to,  and  students  having 
entered  with  advanced  standing,  who  may  be  required  to  attend  these 
courses,  and  students  who  fail  to  complete  them  in  the  summer  to 
which  they  are  assigned  are  charged  in  addition  tuition  fees  as  follows  • 
No.  15,  $35;  No.  25,  No.  27,  No.  28,  and  No.  71,  $25;  No.  26  $10 
Students  entering  with  credit  for  part  of  course  15,  and  students'  defi- 
cient in  separate  surveys  of  that  course,  shall  pay  a  tuition  fee  of  $10 
for  each  survey.  A  tuition  fee  of  $6  is  required  for  each  survey  of 
courses  25  or  27  taken  under  similar  conditions.  (For  additional  infor- 
mation see  page  21.) 


Schedule  of  Attendance 

In  1912  the  School  Session  opens  June  1  and  closes  September  14. 
Div.  A— June  1  to  July  6.    5  weeks— Course  25. 

Open  for  all  2d,  3d,  4th  year  students  in  Civil  Engineering  who 
have  completed  Course  15. 
Div.  B— June  1  to  July  6.    5  weeks— Course  27. 

Open  for  all  2d,  3d,  4th  year  students  in  Mining  Engineering  and 
Met.  Engineering  who  have  completed  Course  15. 
Div.  C— June  1  to  July  6.     5  weeks— Course  15. 

Open  for  all  2d,  3d  and  4th  year  students  in  the  Schools  of 
Mines,  Engineering,  and  Chemistry  who  have  not  finished 
Course  15. 

Div.  D— June  1  to  July  6.     5  weeks— Course  15. 

Open  for  20  or  25  men  of  all  1st  year  students  as  assigned  on 
basis  of  scholarship. 

Div.  E— July  6  to  August  10.    5  weeks— Course  25. 

Open  for  2d,  3d,  4th  year  students  in  Civil  Engineering  who  re- 
ported with  Div.  C  or  Div.  D  for  Course  15. 
Div.  F— July  6  to  August  10.     5  weeks— Course  27. 

Open  for  2d,  3d,  4th  year  students  in  Mining  and  Metallurgy  who 
reported  with  Div.  C  or  Div.  D  for  Course  15. 
Div.  G— July  6  to  August  10.    5  weeks— Course  15. 

Open  for  1st  year  students  as  assigned  from  those  not  assigned 
to  Div.  D  and  of  those  who  do  not  register  for  the  summer  session 
in  New  York.     (Probably  75  men.) 
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Div.    H— July    13   to   August    17.     5    weeks— Course   26    C.    E   and 
Course  107  Astronomy. 
For  3d  and  4th  year  students  in  Civil  Engineering  who  have  fin- 
ished Course  15  and  Course  25. 
Div.  I — August  10  to  September  14.     5  weeks— Course  15. 

For   1st  year  students  as  assigned   from  those  not  assigned  to 
Div.  D  or  Div.  G.    (Special  dates  may  be  arranged  for  those  who 
attend  Summer  Session  at  Columbia  University  in  New  York.) 
Div.  J— August  17  to  September  14.    4  weeks— Course  71. 

For  3d  and  4th  year  students  in  Civil  Engineering  who  have  fin- 
ished  Course  15,  Course  25  and   Course  51-52. 
Div.  K— August  17  to  September  14.    4  weeks— Part  of  Course  25 
or  Course  27. 
For  2d,  3d,  4th  year  students  in  Mining,  Metallurgy  and  Civil 
Engineering  who  reported  with  Div.   C  and  who  withdrew  with 
permission  on  July  4  to  attend  Summer  Session  at  Columbia  Uni- 
versity, in  New  York. 

Div.  L— *August  17  to  September  14.    4  weeks— Part  of  Course  15. 
For  special  students  not  heretofore  registered  at  Columbia  Uni- 
versity but  who  have  been  in  attendance  at  Summer  Session  at 
Columbia. 

Div.  M— August  24  to  September  14.    3  weeks— Course  28. 

For  2d,  3d,  4th  year  students  in  Mining  and  Metallurgy  who  have 
finished  Course  15,  Course  27  and  Course  23. 

•Special   students  wishing  to   enter   this  course  and  who  are  not  in  attendance 
at  bummer  bession  in  New  York  should  report  August   10. 
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COURSE  LEADING  TO  THE  DEGREE  OF 
CIVIL  ENGINEER 


FIRST   YEAR 
See  page  2j 


SECOND    YEAR 


See  Page 


70 
82 
108 
89 
104 
i°5 

108 
109 
log 


74 
82 
82 

f3 

87 
90 
109 
100 
108 
109 
in 


Botany  7 
Drafting  5 
Mathematics  65 
Mech.  Eng.  13 
Mineralogy  5 
Mining  53 

Phys.  Educ.  B 
Physics  5 
Physics  43 
Shop  Work  15 


Chemistry  8a 
Drafting  6 
Drafting8 
Elect.  Eng.  2 
Geology  18 
Mech.  Eng.  14 
Mechanics  102 
Metallurgy  134 
Phys.  Educ.  B 
Physics  44 
Shop  Work  :6 


First  Half  Year 


Hours  per  week- 


Growth  and  Character  of  Timbers 

Graphics 

Differential  and  Integral  Calculus 

Steam  Power  Machinery 

Minerals  of  Building  Stones 

Excavation     Tunneling,    Boring    and 

Shaft-sinking 
Gymnasium 
Electricity 
Physics  Laboratory 
Forging  and  Foundry  Practice 


Total.. 


Class 


iS 


Second  Half  Yea) 


Industrial 

Graphics 

Structural  Drafting 

Electrical  Engineering 

General  Geology 

Steam  Power  Machinery 

Analytical  Mechanics 

Iron  and  Steel 

Gymnasium 

Physics  Laboratory 

Machine-work 


Lab' 


Total.. 


♦Saturday  P.M.,  ,  afternoon  during  April  and  May-equivalent  ,  hour. 
Summer  Work:    Practical  Surveying  Civil  Eng.  35S-5  weeks. 


CIVIL  ENGINEERING 


49 


THIRD   YEAR 
First  Half  Year 


Hours  per  week 


See  Page 


70 

70 
77 
77 
77 
7o 

78 
90 

"7 


Astronomy  105 
Civil  Eng.  21 
Civil  Eng.  51 
Civil  Eng.  53 
Civil  Eng.  53 
Civil  Eng.  59 

Civil  Eng.  61 
Mech.  Eng.  17 
Mech.  Eng.  77 


Geodesy 

Roads,  Streets  and  Pavements 

Railroad  Surveying 

Resistance  of  Materials 

Resistance  of  Materials  (Testing  Lab  ) 

Sanitary    Treatment,    Water    Supply 

and  Sewage 
Theory  of  Trusses 
Technical  Thermodynamics 
Mechanical  Laboratory 

Total.. 


Class 


Second  Half  Year 


70 

77 
77 
78 
78 
B3 
33 
go 
97 


Astronomy  106 
Civil  Eng.  52 
Civil  Eng.  54 
Civil  Eng.  58 
Civil  Eng.  62 
Elect.  Eng.  4 
Elect.  Eng.  72 
Mech.  Eng.  18 
Mech.  Eng.  78 


Geodesy 

Railroad  Surveying 

Resistance  of  Materials  (Problems) 

Masonry  Structures 

Graphic  Statics 

Electric  Distribution 

Direct  Current  Laboratory 

Technical  Thermodynamics 

Kinematics 

Total 


Summer  Work:   -I  Hydrographic  Surveying—  Civil  Eng.  26S 


Geodet 


,-uvii  i^ng.  20s 
-Astronomy  107S  \  5  weeks. 


Railroad  surveying  practice-Civil  Eng.  71 S— 4  weeks 


FOURTH    YEAR 


First  Half  Year 


Civil  Eng.  75 
Civil  Eng.  85 
Civil  Eng.  87 
Civil  Eng.  89 
Civil  Eng.  97 
Civil  Eng.  99 
Mech.  Eng.  41 
Mech.  Eng.  63 
Elect.  Eng.  75 
Elect.  Eng.  5 


Hydraulics 

Foundations 

Bridges,  Roofs  and  Buildings 

Railroad  Engineering 

Water  Supply  and  Irrigation  Eng. 

Thesis 

Machine  Design 

Hvdraulics  Laboratory 

Alternating  Current  Laboratorv 

Alternating  Current  Engineering 


Total 


Second  Half  Year 


Lab'y 


15 


18 


Civil  Eng.  88 
Civil  Eng.  90 

Civil  Eng.  94 

Civil  Eng.  100 
Elect.  Eng.  112 
Law  2 
Mech.  Eng.  46 


Bridges,  Roofs  and  Buildings 

Railroad  Engineering 

I  Design  and  Construction  of  Sewers  I 

I  River  and  Harbor  Improvement       f 

Thesis 

Electric  Railway 

Business  Law 

Hydraulic  Power  Machinery 

Total. 
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COURSE  IN    SANITARY  ENGINEERING 

The  course  in  Sanitary  Engineering  is  a  differentiation  from  the 
regular  course  in  Civil  Engineering  and  naturally  leads,  therefore,  to 
the  same  degree.  The  first  year  is  identical  with  the  first  year  of  other 
engineering  courses,  while  the  second  year  is  almost  identical  with  the 
regular  second-year  work  of  the  course  in  Civil  Engineering.  The 
special  extensions  in  sanitary  work  are  developed  in  the  third  and 
fourth  years.  It  will  be  found  that  these  sanitary  subjects  are  set 
forth  so  as  to  cover  in  a  thorough  and  comprehensive  way  those  spe- 
cial fields  occupied  by  the  sanitary  engineer  of  the  present  day.  They 
include  the  sanitary  treatment  of  water  supplies  and  sewage  with  special 
work  extended  both  by  lectures  and  laboratory  work  into  biology  and 
bacteriology,  standard  laboratory  methods  in  the  sanitary  administra- 
tion of  public  water  supplies,  drainage,  heating  and  ventilation  and  the 
general  principles  of  sanitary  science,  public  health  and  hygiene.  These 
sanitary  specialties  are  of  advanced  character,  covering  the  latest  inves- 
tigations in  such  special  work  as  daily  bacterial  tests  of  potable  water 
for  public  purposes,  the  extermination  of  mosquitoes  and  other  disease- 
carrying  insects,  the  improvement  of  public  health  conditions  found  in 
cities  and  towns,  the  drainage  and  sanitary  treatment  of  lands  and  the 
sanitary  administration  of  buildings  and  industrial  establishments  liable 
to  create  nuisances.  A  graduate,  therefore,  of  this  course  is  qualified  to 
enter  the  advanced  practice  of  sanitary  engineering  in  all  its  special 
fields. 

SECOND  YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Name  of  Course 

Description  of  Course 

Lect. 

Lab'y 

70 

Botany  7 

1 
Growth  and  Character  of  Timbers 

1 

1 

73 

Chemistry  65 

Quantitative  Analysis 

a 

82 

Drafting  5 

Graphics 

4 

89 

Math.  65 

Differential  and  Integral  Calculus 

5 
3 

90 

Mech.  Eng.  13 

Steam  Power  Machinery 

104 

Mineralogy  5 

Minerals  of  Building  Stones 

108 

Phyg.  Educ.  B 

Gymnasium 

tog 

Physics  5 

Electricity 

Total.. 

5 

18 

17 

Second  Half  Year 

74 

Chemistry  8a 
Drafting  8 

Industrial  Chemistry 

3 

82 

Structural  Drafting 

3 

83 

Elect.  Eng.  2 

Electrical  Engineering 

87 

Geology  18 

General  Geology 

3 
5 
3 

3* 

109 

Mechanics  ioa 

Analytical  Mechanics 

90 

Mech.  Eng.  14 

Steam  Power  Machinery 

100 

Metallurgy  134 

Iron  and  Steel 

lot 

Phys.  Educ.  B 

Gymnasium 

109 

Physics  44 

Phvsics  Laboratory 

6 

in 

Shop  Work  16 

Bench  and  Machine 

Total.. 

3 

..   | 

*4 

•  April  and  May— G 

jology  equivalent  to  1  hour. 

SUMMER  Work : 

Practical  Surveying  C.E.  25—5  wee 

ks. 
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THIRD  YEAR 


See  Page       Name  of  Course 


First  Half  Year 


Hours  per  week 


Zoology  7 
Bacteriology  101 
Civil  Eng.  21 
Chemistry  41 
Civil  Eng.  51 
Civil  Eng.  53 
Civil  Eng.  53 
Civil  Eng.  59 

Civil  Eng.  61 


Chemistry  42 
Civil  Eng.  52 
Civil  Eng.  54 
Civil  Eng.  58 
Civil  Eng.  62 
Elect.  Eng.  4 
Elect.  Eng.  72 
Mech.  Eng.  78 


Description  of  Course 


j    Lect.    Lab'y 


Sanitary  Biology  | 

Sanitary  Bacteriology  \ 
Roads,  Streets,  and  Pavements 
Organic  Chemistrv 
Railroad  Surveying 
Resistance  of  Materials 
Resistance  of  Materials  Testing 
Sanitary  Treatment  of  Water  Sun- 

plies  and  of  Sewage 
Theory  of  Trusses 

Total . . 


Second  Half  Year 


Organic  Chemistrv 
Railroad  Surveying 
Resistance  of  Materials 
Masonry  Structures 
Graphic  Statics 
Electric  Distribution 
Direct  Current  Laboratory 
Kinematics 


Total. 


Summer  Work  :    Hydrographic  Surveying,  C.  E.  26S 
Railroad  Surveying  Practice,  C.  E.  wK— a  wp 


10 


16 


5  weeks. 
4  weeks. 


i3 


FOURTH  YEAR 


First  Half  Year 

77 

77 

78 

79 
79 
79 
80 
80 
go 
95 

Civil  Eng.  55 

Civil  Eng.  57a 

Civil  Eng.  57b 

Civil  Eng.  75 
Civil  Eng.  85 
Civil  Eng.  87 
Civil  Eng.  89 
Civil  Eng.  97 
Mech.  Eng.  17 
Mech.  Eng.  63 

1 
Physical  and   Biological   Water 

Analysis 
Statistics  and    Interpretation    of) 

Water  Analvses 
Drainage  of  Marshes  and 

Lowlands 
Hydraulics 
Foundations 

Bridges,  Roofs  and  Buildings 
Railroad  Engineering 
Water  Supply  and  Irrigation  Eng. 
Technical  Thermodynamics 
Hydraulics  Laboratory 

Total.. 

2 

4 

2 

3 
2 
2 

6 

3 

3 

3 

17 

iq 

Second  Half  Year 

80 
80 
80 

80 
84 
89 
96 
97 

Civil  Eng.  go 
Civil  Eng.  94 
Civil  Eng.  96 

Civil  Eng.  100 
Elect.  Eng.  76 
Law  2 

Mech.  Eng.  76 
Mech.  Eng.  82 

Railroad  Engineering 
Sewers,  and  River  and  Harbor  Imp 
Principles  of  Sanitary  Science,  Pub- 
lic Health  and  Hygiene 
Thesis 

Alternating  Current  Laboratory 
Business  Law 
Mechanical  Laboratory 
Heating  and  Ventilation 

Total.. 

3 
2 

3 

1 
2 
1 
3 

3 

6 
3 

3 

15 

15 
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ELECTRICAL    ENGINEERING 

General    Statement 

The  prescribed  course  leading  to  the  degree  of  Electrical  Engineer 
requires  four  years  for  its  completion,  and  is  designed  for  the  education 
of  those  who  intend  to  practice  the  profession  of  Electrical  Engineering 
either  as  engineers,  managers,  experts  in  industrial  enterprises  or  as 
teachers  in  colleges  or  technical  schools. 

The  instruction  comprises  the  important  branches  of  theoretical  and 
applied  electricity,  also  the  fundamental  and  collateral  subjects,  which 
have  been  found  by  experience  to  be  required  by  the  electrical  engineer 
as,  for  example,  mathematics,  physics,  chemistry,  drawing,  mechanical 
engineering,  including  boilers,  gas  producers,  engines,  turbines,  hydrau- 
lic developments,  transmission  devices  and  shop  work,  also  such  Gen- 
eral engineering  subjects  as  construction  in  wood,  masonry,  Iron 
and   steel. 

The  graduate  in  Electrical  Engineering  is  accordingly  provided  not 
only  with  a  thorough  knowledge  of  the  principles  and  applications  of 
electricity,  but  also  with  such  a  broad  and  liberal  education  in  the 
allied  sciences  as  will  prepare  him  for  the  demands  likely  to  be  made 
upon  him  in  connection  with  the  practice  of  his  profession. 

The  instruction  is  by  lectures  and  recitations  as  well  as  by  laboratory, 
work-shop  and  drawing-room  practice,  with  periodic  visits  to  the 
numerous  and  important  electrical  factories,  power  stations  and  other 
establishments  in  and  about  New  York  City. 

Equipment 

The  offices,  laboratories,  museums  and  lecture  rooms  of  the  Electrical 
Engineering  Department  are  in  the  southern  portion  of  the  Engineering 
Building.  The  laboratories  located  in  the  basement  contain  direct  and 
alternating  current  machinery  and  apparatus.  The  smaller  machines 
are  mounted  upon  heavy  tables,  thus  raising  them  to  a  convenient 
height  and  affording  space  for  instruments  and  note-books.  To  further 
simplify  the  work,  the  machines  have  been  assembled  into  unit  sets,  a 
motor  being  provided  for  each  generator,  so  that  the  experimental 
work  of  one  squad  of  students  is  entirely  independent  of  that  of  other 
squads. 

The  direct  current  laboratory  contains  constant  potential  and  con- 
stant current  generators,  motor-dynamos,  as  well  as  various  types  of 
stationary  and  railway  motors,  aggregating  fifty  machines  ranging  in 
capacity  from  i  to  35  kilowatts  and  of  standard  voltages  from  115  to 
550.  Two  10  and  two  5  k.w.  generator  sets  with  complete  switchboards, 
carrying  many  measuring  instruments  enable  various  experiments  to  be 
performed  by   the   students   on   the  parallel   operation   of  generators. 
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The  constant  current  equipment  includes  a  dynamo,  standard  switch- 
board and  series  lamp  circuits.  A  working  standardization  equipment 
for  the  calibration  of  all  measuring  instruments  is  installed  in  this 
laboratory,  and  prior  to  any  tests  the  students  are  required  to  check  their 
various  instruments.  About  eighty  electrical  measuring  instruments 
are  employed  in  this  laboratory,  comprising  ammeters  and  voltmeters 
with  various  scale  ranges,  also  speed  indicators,  transmission  and 
absorption  dynamometers.  This  laboratory  is  provided  with  a  set  of 
machine  and  hand  tools  employed  in  the  repair  of  the  various  pieces 
of  apparatus. 

The  alternating  current  apparatus,  located  in  the  adjoining  room, 
comprises  one  single-phase  alternator  of  10  k.w.  capacity  and  two 
three-phase  alternators  of  10  and  45  k.w.  capacity,  respectively;  two 
10  kilowatt  synchronous  motors  and  rotary  converts  operative  on  single- 
phase  or  two-phase  circuits ;  two  single-phase  and  four  polyphase  induc- 
tion motors  varying  in  capacity  from  1  to  10  horse-power ;  constant  poten- 
tial transformers  of  various  capacities ;  phase  transformers  for  converting 
two-phase  to  three-phase  currents  and  vice  versa;  a  constant  current 
transformer  equipment  of  5  kilowatts  capacity  with  its  control  board, 
circuits  and  lamps ;  an  induction  regulator  of  5  kilowatts  and  a  mercury 
arc  rectifier  of  the  same  capacity.  Each  of  the  various  alternators  is 
provided  with  its  own  driving  motor,  so  that  the  speed,  voltage  and  fre- 
quency may  be  altered  as  desired.  This  laboratory  equipment  includes  a 
complete  switchboard  for  the  operation,  control,  and  testing  of  the 
rotary  converters  used  as  such  or  as  alternators;  also  a  special  polyphase 
circuit  measuring  board  and  about  fifty  instruments  for  the  measure- 
ment of  alternating  voltage,  current  and  power.  The  alternating 
current  ammeters  and  voltmeters  are  of  various  capacities,  ranging 
from  fractional  values  up  to  2,000  amperes  and  600  volts  respect- 
ively, also  wattmeters  up  to  1,200  kilowatts  range.  The  instru- 
ment equipment  further  includes  several  frequency  indicators,  syn- 
chronizers and  power  factor  meters  as  well  as  a  complete  oscillo- 
graph and  an  ondograph  for  the  determination  of  wave  forms,  phase 
relations,  etc. 

The  lecture  rooms  are  provided  with  direct-current,  single-phase  and 
polyphase  electrical  circuits  and  projection  lanterns  so  that  the  lectures 
may  be  accompanied  by  experimental  demonstrations  and  illustrations. 
The  museum  contains  many  pieces  of  apparatus  and  parts  of  machines 
used  in  connection  with  the  lectures,  such  as  specimens  of  pole  line 
insulators,  conduit  material,  rail  sections,  rail  bonds,  insulated  cables 
and  materials  employed  in  transmission  line  and  electric  railway  con- 
struction. Also  various  pieces  of  apparatus  employed  in  telegraphy 
and  telephony;  forms  of  storage  battery  plates,  samples  of  products 
obtained  by  electro-chemical  actions,  elementary  electrical  apparatus, 
etc.;  pieces  of  electrical  machinery,  such  as  armature  laminations,  field 
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and  armature  coils,  commutator  sections,  brush  holders,  brushes  in- 
sulating materials;  small  models  of  various  types  of  generators' and 
motors;  numerous  forms  of  incandescent  and  arc  lamps,  lamp  mech- 
anisms, carbons  and  electrodes;  lightning  arresters,  line  protecting 
devices  and  measuring  instruments. 

On  the  third  floor  of  the  building  are  located  the  large  instrument 
laboratory,    the    departmental    drawing-room    and   the    studies   of   the 
officers.     Ihe  laboratory  contains  tables  upon  which  the  various  instru- 
ments are  permanently  set   up,   ready   for   use.     These  include  many 
different   forms   of  galvanometers,   three  ampere   balances   with   scale 
ranges  from   .01  to  600  amperes,   two  dynamometers  with  ranges  of 
1    to   200   amperes    respectively,    a    Standard   Weston  laboratory   volt- 
meter having  a  range  from  .01  to  750  volts  and  a  Standard  Weston 
laboratory    millivoltmeter    with    a    set    of    shunts    reading    up    to    500 
amperes,   Westinghouse  precision  watt  and  voltmeters   and  two  very 
accurate  potentiometers.     The  equipment  further  comprises  apparatus 
for    the    exact    measurement    of    resistance,    inductance,    permeability 
hysteresis,   and   magnetic   leakage.     This   laboratory   is  supplied   with 
electrical  energy  from  special  sources,  so  that  fluctuations  do  not  cause 
uncertainty  in  the  various  measurements.     For  the  direct  current  work 
special  storage  batteries  supply  potentials  up  to  250  volts  and  others  have 
current  capacity  of  1,000  ampere-hours.    For  tests  requiring  small  values 
of  alternating  currents  a  special  alternator  is  operated.    This  laboratory 
also  contains  high  tension  testing  apparatus,  consisting  of  two  50000 
volt    transformers    of   5    and    10    kilowatts    capacity   respectively,    two 
10,000  volt  transformers  of  5  and   10  kilowatts  respectivelv,  and  one 
5,000    volt    transformer    of    5    kilowatt    output.      These    transformers 
are    supplied    with    necessary    protective    and    measuring    devices    and 
all    are    designed    for    operation    on    60    cycle    circuits.      This    instru- 
ment laboratory  is  also  equipped  with  several  forms  of  standard  inte- 
grating and  recording  watt-hour  meters  employed  in  connection   with 
the    standardization    of    consumers'    electric    meters    for    the    Depart- 
ment  of   Water    Supply,    Gas,    and    Electricity    of   the   City   of   New 
York. 

The  photometric  testing  laboratory  of  this  Department  is  situated 
in  the  basement  of  Havemeyer  Hall  and  is  equipped  with  a  Liimmer- 
Brodhun  screen  photometer  for  incandescent  lamp  testing,  a  Bunsen 
screen  photometer  with  a  meter  prover  for  gas  light  testing  and  a  Weber 
photometer,  which  is  adaptable  for  arc  lamp  testing  or  for  the  deter- 
mination of  general  illumination. 
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COURSE  LEADING  TO  THE  DEGREE   OF  ELECTRICAL 

ENGINEER 
The  objects  for  which  the  regular  four  years'  course  in  Electrical 
Engineering ■  „  designed  and  the  education  which  it  is  intended  to  give 
are  fully  set  forth  in  the  "General  Statement"  of  the  Electrical "  fiS 
neenng  Department.  to 

J^Tf'  CUITiCUlum'  includinS  the  prions  requirements  which  must 
be  fulfilled  in  order  to  obtain  the  E.  E.  degree,  are  given  in  the  fo 
lowing  list  of  studies  for  each  year,  the  character  of  each  sub  ect  or 

rXreTt"'  b"  Vf^  "^  **  *  *«  D*"*"««al  Staten  en 
referred  to  The  first  two  years  of  the  course  are  devoted  to  the  funda- 
mental subjects,  including  mathematics,  physics,  chemistry,  mech  nts 
drawing  and  certain  electrical  and  mechanical  engineering  subjects  which 
are  elementary  or  introductory  in  character. 

These  fundamental  and  introductory  subjects  are  intended  to  lay  a 
broad  and  substantial  foundation  upon  which  the  more  specialized  pro- 
fessions instruction  of  the  third  and  fourth  years  is  based.  Even  n 
hese  later  years  theoretical  subjects,  such  as  thermodynamics  and 
electro-mechanics,  are  included  and  given  most  careful  attention. 
FIRST  YEAR 
See  page  27 

SECOND  YEAR 


First  Half  Year 


Hours  per  week 


See  Page 


90 

108 
109 
109 
109 


Chemistry  65 
Draftings 
Mathematics  65 
Mech.  Eng.  13 
Phys.  Educ.  B 
Physics  5 
Physics  43 
Physics  105 
Shop  Work  13 


Clas 


1'  Quantitative  Analysis 
j  Graphics 

Differential  and  Integral  Calculus 

Steam  Power  Machinery 

Gymnasium 
;  Electricity  and  Magnetism 
:  Physical  Laboratory 
I  Physical  Measurements 

Machine  Work 


Lab'y 


Total. 


Second  Half  Year 


2 

6 

3 

5 

3 

2 

5 

3 

2 

3 

7 

17 

74 

82 

82 

83 

90 

109 

100 

108 

109 


Chemistry  82 
Drafting  6 
Drafting  8 
Elect.  Eng.  2 
Mech.  Eng.  14 
Mechanics  102 
Metallurgy  134 
Phys.  Educ.  B 
Physics  44 
Shop  Work  14 


Industrial  Chemistry 

Graphics 

Structural  and  Machine  Drawing 

Elements  of  Dynamo  Electric  Mach'y 

Steam  Power  Machinery 

Analytical  Mechanics 

Metallurgy  of  Iron  and  Steel 

Gymnasium 

Physical  Laboratory 

Machine  Work 
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First  Half  Year                                    Hours  per  week 

See  Page 

Class 

Lab'y 

77 
77 
79 
84 
86 
9° 
93 
iog 
no 

Civil  Eng.  53 
Civil  Eng.  53 
Civil  Eng.  77 
Elect.  Eng.  101 
Elect.  Eng.  173 
Mech.  Eng.  17 
Mech.  Eng.  41 
Mechanics  105 
Mechanics  107 

Resistance  of  Materials 

Resistance  of  Materials  (Testing  Lab.) 

Hydraulics 

Generator  and  Motor  Practice 

Direct  Current  Laboratory 

Technical  Thermodynamics 

Machine  Design 

Thermodynamics 

Theory  of  Generators  and  Motor 

Total.. 

5 

2 
3 

2 

1 
2 
2 

3 
3 

6 
3 

17 

15 

Second  Half  Year 

82 
83 
85 
86 
00 
92 
96 
no 

Economics  2 
Elect.  Eng.  52 
Elect.  Eng.  104 
Elect.  Eng.  174 
Mech.  Eng.  18 
Mech.  Eng.  36 
Mech.  Eng.  76 
Mechanics  108 

Economics 

Design  of  Direct  Current  Machinery 
Electrical  Distribution 
Direct  Current  Laboratory 
Technical  Thermodynamics 
Kinematics  of  Machinery 
Experimental  Mech.  Eng. 
Theory  of  Dynamo  and  Motor 

Total.. 

3 
2 
3 

2 

3 

3 

6 

6 
3 

M 

18 

Summer  memoir. 

FOURTH  YEAR 


First  Half  Year 

75 

Chemistry  183 

Electrochemistry 

3 

84 

Elect.  Eng.  103 

Electric  Motors 

3 
3 

85 

Elect.  Eng.  105 

Alternating  Current  Engineering 

85 

Elect.  Eng.  109 

Telegraphy 

1 

86 

Elect.  Eng.  175 

Alternating  Current  Lab. 

6 

86 

Elect.  Eng.  177 

Instrument  Laboratory 

1 

6 

93 

Mech.  Eng.  53 

Steam  Turbines 

97 

Mech.  Eng.  77 

Experimental  Mechanical  Laboratory 

1 

3 

no 

Mechanics  109 

Theory  of  Alternators  &  Transformers 
Tctal 

4 

18 

18 

Second  Half  Year 

83 

Elect.  Eng.  54 

Design  of  Alt.  Current  Machinery 

2 

3 

84 

Elect.  Eng.  98 

Graduation  Thesis  (Optional) 

85 

Elect.  Eng.  106 

Electric  Plants 

85 

Elect.  Eng  108 

Plant  Inspection 

3 

85 

Elect.  Eng.  no 

Telephone 

85 

Elect.  Eng.  112 

Electric  Railways 

2 

86 

Elect.  Eng.  176 

Alternating  Current  Laboratory 

8 

94 

Mech.  Eng.  56 

Water  Power  Installations 

95 

Mech.  Eng.  60 

Hydraulic  Laboratory 

3 
3 

96 

Mech.  Eng.  72 

Gas  Power  Machinery 
Theory  of  Variable  Currents 

1IO 

Mechanics  no 

3 

110 

Physics  52 

Discharge  Electricity 

Total.. 

1 

15 

20 
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MECHANICAL   ENGINEERING 
General    Statement 

The  regular  four-year  course,  leading  to  the  degree  of  Mechanical 
Engineer,  offers  a  thorough  basic  training  in  the  design,  construction 
manufacture  and  operation  of  all  classes  of  standard  and  special  ma- 
chinery, and  their  economic  application  to  railroads,  ships,  mills,  shops 
factories  and  power  plants,  as  well  as  in  the  technical  and  executive 
management  of  the  manufacturing  and  transportation  industries.  To 
this  end  the  course  of  instruction  is  as  broad  as  is  consistent  with 
the  directness  of  its  purpose.  The  Mechanical  Engineer  must  not  only 
be  grounded  in  the  fundamental  scientific  basis  of  his  profession  and 
so  trained  as  to  be  capable  of  applying  this  to  both  the  technical  and 
commercial  aspects  of  industrial  problems,  but  his  immediate  useful- 
ness upon  graduation  demands  that  a  considerable  portion  of  the  in- 
struction be  concerned  with  the  practical  application  of  the  principles 
taught. 

The  course  begins  with  a  thorough  training  in  mathematics,  physics 
and   chemistry   as   a    foundation    for   the  appropriate   technical   work, 
which  is  developed  along  several  parallel  lines.    Applications  of  these 
fundamental  sciences  to  the  physical  properties  of  the  materials  of  con- 
struction, especially  the  metals  and  their  practical  manipulation,  lead 
through  the  courses  in  metallurgy,  mechanics,  resistance  of  materials, 
shop  processes,  the  materials  testing  laboratory,  drafting  and  kinematics 
to  the  principles  of  design,  which  are  fixed  by  application  to  the  design 
of  machinery  for  the  execution  of  any  sort  of  process  in  which  ma- 
chinery  is   either  absolutely   essential   or   more  economical   than   cor- 
responding hand  execution  of  the  same  process.    The  principles  under- 
lying the  performance  of  machinery  are  developed  by  courses  in  ther- 
modynamics,  mechanics   and   hydraulics   with   experimental   laboratory 
demonstration  and  are  fixed  by  analysis  of  machinery  for  steam,  gas 
and    water    power,    pumping,    compressing,    refrigerating,    mechanical 
handling  of  materials  and  their  most  important  applications.     The  in- 
struction in  the  performance,  design  and  manufacture  of  machines  and 
power  units  in  the  class-room  and  laboratory,  supplemented  by  visits  to 
power  plants  and  factories,  is  the  basis  of  the  work  on  the  design  of 
plants  and  mills. 

Throughout  the  instruction  the  student  is  thrown  as  much  as  pos- 
sible on  his  own  resources,  encouraged  to  use  such  knowledge  as  he 
possesses,  to  read  standard  authorities  and  to  make  comparisons  be- 
tween the  existing  data  on  various  subjects  and  with  the  results  of 
theoretical  computations.  In  the  experimental  work  special  stress  is 
laid  upon  this  as  a  means  for  the  development  of  that  initiative,  execu- 
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tive  ability  and  spirit  of  investigation  so  necessary  for  the  successful 
practice  of  the  profession,  which  is  one  long  series  of  new  problems 
demanding  solution.  The  commercial  and  industrial  phases  of  the 
technical  subjects  are  dwelt  upon  throughout  the  entire  course  of  in- 
struction, and  particular  attention  is  given  to  labor  and  cost  systems, 
works  management,  economy  of  manufacture  and  of  power  genera- 
tion, economics  and  industrial  law. 

To  insure  a  close  contact  between  the  work  of  the  department  and 
the  practice  of  the  profession,  recognized  experts  are  invited  to 
give  lectures  on  their  particular  subjects,  the  regular  officers  of  the 
department  attending  and  subsequently  holding  recitations  and  exam- 
inations. 

For  a  list  of  special  lecturers  and  their  subjects  see  page  9. 

In  addition  to  these  regular  lecturers,  a  list  of  non-resident  lecturers, 
who  deliver  one  or  more  lectures  to  the  students  on  the  work  in  their 
respective  engineering  fields  will  be  found  on  pages  9,  10  and  11. 

The  overlapping  of  the  Mechanical  Engineering  and  Electrical  Engi- 
neering professions  makes  it  desirable  that  the  Mechanical  Engineer 
shall  be  thoroughly  conversant  with  the  ordinary  problems  of  the  Elec- 
trical Engineer  in  the  generation  and  distribution  of  electric  current, 
the  characteristics  of  electrical  machinery,  and  the  design  and  instal- 
lation of  electrical  plants.  To  this-  end  students  in  this  course  receive 
instruction  in  the  department  of  Electrical  Engineering  covering  these 
subjects. 

Graduate  work  in  Mechanical  Engineering  is  offered  to  students  who 
have  successfully  completed  the  undergraduate  course.  This  graduate 
work  includes  the  more  difficult  applications  of  mechanics  and  thermo- 
dynamics to  questions  of  engineering,  as  well  as  special  investigations 
in  design,  experimental  research,  and  the  development  of  new  processes 
of  manufacture.  Courses  are  also  offered  to  students  in  other  depart- 
ments covering  such  instruction  in  Mechanical  Engineering  as  may 
properly  assist  in  the  practice  of  their  respective  professions. 


Equipment 

Besides  the  usual  offices,  lecture  rooms,  drawing  rooms  and  museum, 
the  department  is  unusually  well  equipped  with  experimental  laboratory 
facilities.  These  laboratories  cover  a  floor  space  of  some  18,500  sq.  ft. 
and  contain  apparatus  valued  roughly  at  $75,000.  A  fairly  full  line 
of  instruments  for  making  simple  measurements  is  always  available  for 
regular  student  work,  and  includes  thermometers,  pyrometers,  barom- 
eters, simple  and  differential  manometers,  draft  gauges,  speed  counters, 
tachometers,  angular  velocity  meters,  planimeters,  Pitot  tubes,  water 
meters  of  piston,  rotary  and  Venturi  type,  hook  gauges,  steam  and  gas 
meters,  steam,  gas,  coal  and  oil  calorimeters,  flue  gas  analysis  apparatus, 
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scales  for  we.gh.ng  and  measuring,  transmission  dynamometers    Pronv 
brakes,  md.cators  of  all  types,  pressure  and  vacuum  gauge     auen^o 
meters,  mercury  columns   and  calibrating  apparatus  for  all  Sruments 
Beside,  these  measuring  devices  there  is  a  large  number  of  pieces  of 
specal  apparatus  for  various  purposes,  such  as  the  testing  of  carbureto./ 

em     on  ec    7to   th  :e0m0"Ve,  b°,iler-    ^  COT,iSS  e^ine  ha*  »  ^- 

utrifutaT"  tCentriffUga'    PUmPS    f°r    —ponding   invl  t iga      ,    o„ 

h  rT^f 'aIsa0Ct'0nw    tH'tr-     BeS,'deS   the   Steam   ^in«    ™»tionS 
mere  are  also  a  Westmghouse  two-cylinder,  single-acting-   Mcintosh 

ome  syTr  aUt°matiC;  Sweet  strai«ht-line  simple  engine "be, des 
some  smaller  rec.procating  units,  and  a  De  Laval  steam  tu  bine  al 
p.ped  to  condenser,  for  efficiency  tests  on  wet,  dry  o"  supe  h 'at  " 
by  a  Foster  superheater  separately  fired.    The  steam  used  by  the    „g  nes 

wLrWonlZr^A,^  a,Vne  °f  thrCe  -^-e' condensers 
pump  Worthmgton,  All.,,  each  with  its  own  air  and  circulating 
pumps.  The  steam  equ.pment  includes  also  typical  iniectnr, 
steam     t  f  water     ^^     ^^         ^Ing     valve  ' 

safety  valves,  back  pressure  valves  and  other  ordinary  steam 
aux.har.es  and  specialties.  The  hydraulic  work  i,  we.  provided  Z 
buck* f  ^  ?°l0°°'iba  meaSUring  tanks'  fitted  w«h  swinging  guide- 
M    th    ivdr0",  'S  fl°W  measurem^^.  living  the  discharge  from 

all  the  hydraulic  apparatus;  water  ehannels  of  rectangular,  trapezoidal 
and  tnangular  cross  section,  rectangular  and  trapezoidal  w  irs  fi  tea  to 


MECHANICAL  ENGINEERING  61 

several  weir  tanks,  of  iron  and  wood,  three  impulse  water  wheels, 
one  small  turbine,  hydraulic  rams,  simple,  single  and  duplex  steam 
pumps,  direct  acting  and  flywheel,  compound  Blake  pump,  single  act- 
ing, direct  acting  triple  expansion  duplex,  low  pressure  Worthington 
pump  of  large  capacity  and  low  head,  separately  steam  driven  centri- 
fugal Lawrence  pump,  belt  driven  centrifugal  pump,  a  high  pressure 
pump  and  accumulator  of  the  Worthington  type  for  1500  lbs.,  and  a 
second  for  5000  lbs.  pressure.  Two  hot  air  engines,  and  several  in- 
ternal combustion  engines,  including  the  Nash,  fitted  to  operate  on 
various  fuels,  a  Hornsby-Akroyd  and  a  Mietz  and  Weiss  oil  engine,  an 
old  and  a  new  style  Otto,  an  International  Harvester,  a  Daimler  boat 
engine  are  equipped  for  gas  engine  test  and  investigation  work  of  great 
variety.  From  time  to  time  other  machines  are  secured  for  short 
periods  of  time  for  testing  purposes.  For  the  study  of  refrigeration 
there  is  installed  a  small  Brunswick  ammonia  compression  ice-making 
and  refrigerating  unit,  motor  driven,  and  a  larger  De  La  Vergne  steam- 
driven,  ice-making  plant. 
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COURSE    LEADING   TO   THE    DEGREE    OF 
MECHANICAL   ENGINEER 

All  the  subjects  leading  to  the  degree  of  Mechanical  Engineer  are 

thly.reSve The"! r'f ''  ^^  ^  the  year  and  ^rnfTn  which 
I  ?     f  1  he  first  two  years  are  devoted  to  essential  preparatory 

and   fundamental   subjects,   mathematics,  chemistry    physL    analvtS 
mechanics  and  drawing  which  are  co-ordinated   with  k  nematks    de 
mentary   design,  shop  work  and  the  elements  of  electrical Tnd   steam 
peering.    i„  the  third  year  there  are  developed  the  bas  c  prlnc  ple^ 
fiLn      m^dynam!,CS'/eu31Stance  of  materials  and "hydraulics,  which  are 
fixed  in  the  mind  of  the  student  by  drill  in  the  drafting  room  bv  de 
sign  courses,  in  the  laboratory  by  experiments  and  tests  and  in  class" 
by    analysis    of    standard    mechanical    and    electrical    machinery      The 
fourth  year  is  devoted  to  a  detailed  treatment  of  gas  and  seam' engine 
design,  standard  water  turbine  characteristics  and  the  essential  ™elat!ons 
between  units  constituting  power  plants  and  factories      Special  atten 
ion  is  here  paid  to  the  economics  of  mechanical  engineering  by  courses 
in  industrial  law,  economics  and  works  management.     ThrouehoXthe 
E  ^  T  1S,t0  de,Vel°P  dear  conceptions^*  underrVin^friSdples 
habits  of  independent  thought  and  orderly  mental  procedure  appKcable 
to  any   sort  of  Mechanical  Engineering  problems  rathe "than    o  the 
memorization  of  isolated  facts.     The  training  given  not  only  fits  the 
student  to    ake  up  the  design  of  machinery  and  the  perfection  of  oroc 
esses  of  doing  things  by  mechanical  means,  but  also  t tak    ultimatelv" 
tiontduiries!  "  *'  mana^ement  of  the  manufacturing  and^ranspo'S 

FIRST   YEAR 
See  page  27 
SECOND    YEAR 


First  Half  Year 


See  Page 


82 
8Q 

90 
92 
Q5 
108 
109 
109 


Hours  per  week 


Drafting  7 
Mathematics  65 
Mech.  Eng.  n 
Mech.  Eng.  35 
Mech.  Eng.  59 
Phys.  Educ.  B 
Physics  5 
Physics  43 
Shopwork  1 


Structural  Drafting 

Calculus 

Steam  Power  Machinery 

Kinematics 

Empiric  Design 

Gymnasium 

Electricity 

Physical  Laboratory 

Pattern  Making 


Total. 


Class       Lab'y 


Second  Half  Year 


»3 
90 
92 
109 
100 
108 
109 


Chemistry  82 
Elect.  Eng.  a 
Mech.  Eng.  12 
Mech.  Eng.  36 
Mechanics  10a 
Metallurgy  134 
Phys.  Educ.  B 
Physics  44 
Shopwork  2 
Shopwork  12 


Industrial  Chemistry 

Elements  of  Electrical  Engineering 

Steam  Power  Machinery 

Kinematics 

Analytical  Mechanics 

Iron  and  Steel 

Gymnasium 

Physical  Laboratory 

Moulding  and  Foundry  Practice 

Forging 


Total 


20 


SHSsHISd^—  M3B«SSJS. 
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First  Half  Year 

Hours  per  week 

See  Pagel 

Class 

Lab'y  & 
Diaft'g. 

77 

Civil  Eng.  53 

Resistance  of  Materials 

5 

3 

»3 

Elect.  Eng.  73 

Direct  Current  Laboratory 

3 

84 

Elect.  Eng.  101 

Dynamo  and  Motor  Practice 

2 

90 

Mech.  Eng.  17 

!  Engineering  Thermodynamics 

2 

92 

Mech.  Eng.  31 

Standard  Tests 

I 

3 

93 

Mech.  Eng.  39 

Machine  Design 

3 

3 

iog 

Mechanics  105 

Thermodynamics 

2 

in 

Shopwork  11 

Machine  Shop 

Total.. 

6 

15 

18 

Second  Half  Year 

77 

Civil  Eng.  54 

Resistance  of  Materials  (Testing  Lab.) 

3 

79 

Civil  Eng.  78 

Hydraulics 

85 

Elect.  Eng.  104 

Electric  Distribution 

3 
2 

9o 

Mech.  Eng.  18 

Engineering  Thermodynamics 

92 

Mech.  Eng.  33 

Standard  Tests 

3 
9 

93 

Mech.  Eng.  40 

Machine  Design 

94 

Mech.  Eng.  54 

Shop  Processes 

95 

Mech.  Eng.  64, 

Air  Machinery 

96 

Mech.  Eng.  66, 

Elevators  and  Conveyors 

96 

Mech.  Eng.  70, 

Pumping  Machinery 

2 

95 

Mech.  Eng.  60 

I  Hydraulic  Laboratory                            | 
f  Metallographic  Laboratory                  ( 

IOI 

Metallurgy  156 

1 

3 

Total.. 

16 

18 

Summer  Work:  Mech.  Eng 

96s.  6  weeks  practical  work  in  power  pla 

nt,  with 

report 

FOURTH    YEAR 


First  Half  Year 

«4 

Elect.  Eng.  103 

Electric  Power 

a 

85 

Elect.  Eng.  105 

Electrical  Distribution 

2 

90 

Mech.  Eng.  19 

Engine  Design 

3 

6 

91 

Mech.  Eng.  21 

Gas  Power 

4 

3 

91 

Mech.  Eng.  25 

Steam  Power 

2 

3 

92 

Mech.  Eng.  33 

Standard  Tests 

2 

3 

93 

Mech.  Eng.  45 

Water  Power 

3 

0 

Total.. 

18 

15 

Second  Half  Year 

84 

Elect.  Eng.  76 

Alternating  Current  Laboratory 

1 

3 

82 

Economics  2 

Economics 

3 

89 

Law  2 

Businers  Law 

3 

90 

Mech.  Eng.  20 

Engine  Design 

3 

6 

91 

Mech.  Eng.  26 

Steam  Power 

2 

6 

93 

Mech.  Eng.  50 

Steam  Turbines 

3 

94 

Mech.  Eng.  53 

Organization  and  Management 

Total.. 

3 

18 

15 
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CHEMISTRY 
General    Statement 

m  The  regular  four-year  courses  of  instruction  herein   shown  are  de 

Equipment 

soace  forTeyCT    """,  the    Chen,iral    D^"«ent    is    provided    with 
pace  for  its  museum,  lecture-rooms,  and  laboratories,  and  every  Ton- 
vemenee  has  been  furnished  for  both  the  instructors  and  studies  work 
mg  in  the  general  or  special  courses 

Jiu!!   "?  fiVe  ChemiCaI  Iecture-«>°™.  all   fully   supplied  with  ap- 
paratus  and   mstruments,    the   desks    being   equipped    with   pneumaHc 
roughs,  gas,  pressure,   exhaust,   and  electricity.     The "argechemica 
lecture-room  on  the  ground  floor  contains  3x5  seats 

anJo'f  ?heardher  Ml!ST  °f  Pe"CraI  In°rsanic  and  °^nk  Chemistry 
and  of  the  Chemical  Arts,  a  large  room  occupying  the  whole  left  win* 
of  the  ground  floor,  contains  the  elements  and  all  their  mor    import Z 

all  the  conveniences  required  for  instruction  and  invest  gafon 
The   Quantitative   Laboratory  has   eighty-ei-ht  desks      AtZh.A   . 

tlZ ^ir0'*  J  a  ,aT  **«**  ^^-tom^afning 

sns&iiff^s provided  with  ™s  for  - 

The  Organic  Laboratory  has  forty  large  desks,  provided  with  gas 

lems  ,n  connection  with  the  chemical  industries,  is  equinoed  for  Z 
manufacture  of  pure  chemicals  from  their  raw  materials  on  a  L™ 
tiuflr  fi,tbatte'"ieS  °f  Steam  eVapOTators'  and  «£  steam  ° tills  f 
ats  in  TeSSeS'  Cr"SherS'  V3CUUm  dr>™-  m«lijP'e  effec  evapo- 
rators, stdls  and  general  apparatus  for  industrial  research.    It    ndudes 
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a  textile  and  paper  laboratory  containing  a  calico  printing  machine, 
paper  making  machinery,  etc.,  and  the  regular  equipment  for  practical 
research.  Connected  with  it  is  a  photometer-room  containing  a  new 
and  complete  outfit  for  the  practical  testing  of  illuminants. 

A  new  Laboratory  for  Applied  Electrochemistry  has  been  provided. 
The  equipment  consists  of  special  motor-dynamos,  one  of  which  fur- 
nishes direct  current  at  low  voltages  to  the  students'  desks  for  general 
electrolytic  work;  the  other  provides  heavy  alternating  current  to  the 
electric  furnace  room;  this  room  is  furnished  with  all  appliances  for 
electric  furnace  work.  The  students'  desks  are  fitted  with  special 
switchboards  and  measuring  instruments,  and  the  laboratory  has  been 
arranged  for  carrying  on  research  work  in  all  branches  of  electro- 
chemistry. 

The  Laboratory  of  Physical  Chemistry  is  well  equipped  with  the 
most  recent  apparatus  adapted  to  a  wide  range  of  experimental  work 
in  the  branches  of  heat,  light,  and  electricity  as  applied  to  chemical 
problems. 

The  Chemical  Library  in  Havemeyer  Hall  is  supplied  with  an  ex- 
tensive collection  of  chemical  books  and  journals,  and  is  open  from 
900  a.m.  to  5.00  p.m.,  and  during  the  session  of  the  University  from 
8.00  to  11.00  p.m. 
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COURSE    LEADING    TO    THE    DEGREE    OF 
CHEMICAL   ENGINEER 

The  course  in  chemical  engineering,  as  will  be  seen,  is  designed 
to  educate  chemists  with  a  sufficient  amount  of  engineering  to  fit  them 
to  take  charge  of  chemical  industries  which  depend  upon  the  application 
of  engineering  methods  and  appliances  to  the  manufacture  of  chemical 
products.  This  requires  a  knowledge  of  mechanical  engineering  elec- 
trical engineering,  hydraulics,  mechanical  drawing,  shopwork,  etc  as 
well  as  a  thorough  knowledge  of  chemistry  in  all  its  branches 


FIRST    YEAR 

See  page  27 


SECOND  YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

73 

74 

73 

89 

104 

109 

109 

108 

Chemistry  4: 
Chemistry  81 
Chemistry  163 
Mathematics  65 
Mineralogy  15 
Physics  5 
Physics  43 
Phys.  Educ.  B 

Organic  Chemistry 
Industrial  Chemistry 
Quantitative  Analysis 
Differential  Integral  Calculus 
Determinative  Mineralogy 
Electricity 
Physical  Laboratory 
Gymnasium 

Total.. 

2 

3 
3 
5 

5 

12 
3 

3 

2 

18 

20 

Second  Half  Year 

72 

74 

73 
83 
tog 
104 
log 
I08 

Chemistry  42 
Chemistry  82 
Chemistry  164 
Elect.  Eng.  2 
Mechanics  102 
Mineralogy  16 
Physics  44 
Phys.  Educ.  B 

Organic  Chemistry 
Industrial  Chemistry 
Quantitative  Analysis 
Elements  of  the  Dynamo 
Analytical  Mechanics 
Determinative  Mineralogy 
Physical  Laboratory 
Gymnasium 

Total..  1 

2 
3 

3 
2 
5 

15 

19 

3 
3 
2 

20 

S 

JMMER   WORK:    Cr 

emistry  80a,  1  week.     Shopwork  18s  (8), 
in  June  or  July. 

3  weeks 

CHEMISTRY 
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THIRD  YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

77 

Civil   Eng.  53 

Resistance  of  Materials 

5 

3 

72 

(  hemistry  149 

mic  Chemistry 

9 

74 

Chemistry  83 

Industrial  Chemistry 

3 

7' 

Chemistry  101 

Advanced  Inorganic 

90 

Mech.  Eng.  11 

Steam  Power  Machinery 

3 
2 

95 

Mech.  Eng.  59 

Empiric  Design 

Total.. 

3 

17 

15 

Second  HalJ  Year 

77 

Civil  Eng.  54 

Resistance  of  Materials  (Testing  Lab.) 

3 

79 

Civil  Eng.  78 

Hydraulics 

74 

Chemistry  84 

Food  Chemistry 

3 

71 

Chemistry  102 

Advanced  Inorganic 

83 

Elect.  Eng.  4 

Direct  Current  Laboratory 

3 

83 

Elect.  Eng.  72 

Electric  Distribution 

89 

Law  2 

Business  Law 

90 

Mech.  Eng.  12 

Steam  Power  Machinery 

3 
2 

3 

6 

102 

Metallurgy  182 

Assaying 

Total . . 

16 

15 

SUi 

amek  Work  :    Ch 
Chemica 

2mistry  80b.     Visits  to  Industrial  Plants 
Factory  work  with  Report— 6  weeks. 

—2  week 

s. 

FOURTH  YEAR 


First  Half  Year 


Chemistry  121 
Chemistry  171 
Chemistry  197 
Mech.  Eng.  97 

Mech.  Eng.  17 
Mech.  Eng.  37 
Mech.  Eng.  77 
Metallurgyioi.ui 
Metallurgy  131 


Physical  Chemistry 
Organic  Analysis 

Chemical  Factory  Machiner}'  ) 

Mechanical  Equipment  of  Chemical     \ 
Factories  ) 

Technical  Thermodynamics 
Machine  Design 

Experimental  Engineering  Laboratory 
Introduction  and  Metallurgy  of  Copper 
Iron  and  Steel 

Total.. 


Chemistry  88 
Chemistry  122 
Chemistry  184 
Chemistry  198 
Mech.  Eng.  18 
Mech.  Eng.  76 
Metallurgy  122 


Second  Half  Year 


I  Industrial  Laboratory 
Physical  Chemistrv 
Practical  Electro-Chemistry 
Chemical  Factory  Organization 
Technical  Thermodynamics 
Experimental  Engineering  Laboratory 
Metallurgy  of  Gold,  Silver,  Lead,  Zinc 


Total..        14 
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COURSE  LEADING  TO  THE  DEGREE  OF  CHEMIST 

The  course  in  chemistry  includes  not  only  all  branches  of  theoretical, 
analytical,  and  industrial  chemistry,  but  also  collateral  sciences,  such 
as  mathematics,  mechanics,  physics,  mineralogy,  metallurgy,  mechanical 
and  electrical  engineering,  and  drawing,  which  have  been  found  by 
experience  to  be  required  by  the  professional  chemist.  It  is  the  inten- 
tion to  provide  the  graduate  not  only  with  a  thorough  knowledge  of  the 
principles  and  practice  of  chemistry  in  all  its  branches,  but  with  such  a 
broad  and  liberal  education  in  the  collateral  sciences  as  will  prepare  him 
for  every  demand  that  will  be  likely  to  be  made  upon  him  in  connection 
with  his  profession  or  in  the  pursuit  of  investigation. 


FIRST  YEAR 
See  page  27 

SECOND  YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

2 
3 
3 
5 

5 

Lab'  y 

12 
3 
2 

72 
74 
73 
108 
104 
109 
108 

Chemistry  41 
Chemistry  81 
Chemistry  163 
Mathematics  65 
Mineralogy  15 
Physics  5 
Phys.  Educ.  B 

Elementary  Organic— Lecture  Course 

Industrial  Chemistry 

Quantitative  Analysis 

Differential  and  Integral  Calculus 

Determinative  Mineralogy 

Electricity 

Gymnasium 

Total.. 

18 

17 

Second  Half  Year 

72 
74 
73 
83 
leg 
104 
108 

Chemistry  42 
Chemistry  Zi 
Chemistry  164 
Elect.  Eng.  2 
Mechanics  102 
Mineralogy  16 
Phys.  Educ.  B 

Elementary  Organic— Lecture  Course 

Industrial  Chemistry 

Quantitative  Analysis 

Elements  of  Dynamo 

Analytical  Mechanics 

Determinative  Mineralogy 

Gymnasium 

2 
3 
3 
2 
5 

12 

3 
2 

15 

17 

SUMME 

R  Work  :  Chemistry  80a-  Memoir. 
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THIRD  YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

74 
7' 
71 
73 
74 
75 

Chemistry  83 
Chemistry  101 
Chemistry  121 

Chemistry  171 
Chemistry  175 
Chemistrv  183 

Industrial  Chemistry 
Advanced  Inorganic 
Physical  Chemistry 
Organic  Analysis 
Food  Analysis 
Industrial  Electrochemstry 

Total.. 

3 
2 
3 
2 
2 
2 

14 

3 
6 
6 
3 

18 

Second  Half  Year 

74 
75 
7i 
7r 
102 
104 

Chemistry  84 
Chemistry  88 
Chemistry  102 
Chemistry  122 
Metallurgy  182 
Mineralogy  10 

Food  Chemistry 

Industrial— Laboratorv  Course 

Advanced  Inorganic  Chemistry 

Physical  Chemistry 

Assaying 

Practical  study  of  crystals. 

Total.. 

3 

2 
3 
2 
2 

9 

6 
3 

12 

18 

SUMME 

R  Work  :  Chemistry  80b— Memoir. 

FOURTH  YEAR 


First  Half  Year 


Chemistry  7 
Chemistry  23 
Chemistry  93 
Chemistry  95 
Chemistry  143 
Chemistry  167 
Chemistry  173 
Chemistiy  89 
Chemistry  141 
Metallurgy    101, 

in 
Metallurgy  131 


Elective 
or  taken 
from 
after- 
noons 


Inorganic  Chemistry— or    ") 
Physical  Chemistry— or       1 
Electro  Chemistry— or 
Industrial  Chemistry— or 
Organic  Chemistry— or 
Adv.Inorg.Anal.Chem.— o 
Adv.  Org.  Anal.  Chemistryj 
Industrial  Chemistry— Lab.  Practice 
Organic  Chemistry— General  Course 

Introduction  and  Metal'gy  of  Conner 
Iron  and  Steel 

Total 


(2) 


Second  Half  Year 


Chemistry  142 
Metallurgy  122 
Thesis— 
Chemistry  8 
Chemistry  24 
Chemistry  94 
Chemistry  96 
Chemistry  144 
Chemistry  168 
Chemistry  174 
Chemistry  176 


Organic  Chemistry— General  Course 
Lead,  Silver,  Gold  and  Zinc 

Inorg.  Chemistry— or 
Physical  Chemistry— or 
Electro-Chemistry— or 
Industrial  Chemistry— or 
Organic  Chemistry— or 
Adv.  Inorg.  Anal.  Chemistry— or 
Adv.  Org.  Anal.  Chemistry— or 
Food  Chemistry 

Total. 


15 
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COURSES    OF   INSTRUCTION 

Arranged  Alphabetically  by  Departments 

ASTRONOMY 

105— Geodesy.     3  hours.     Professor  S.  A.  Mitchell. 

M£?Cf   hJSt°.7   °f-  Seodetic   operations  and    description   of   theodolites     base    anna 

106— Geodesy.     1   hour  and   1  laboratory  period.     Professor  S    A 
Mitchell. 

The  applications   of   practical   astronomy   to    geodetic   survevine    and    rrsin,'™  ;n 
methods  of  accurate  computation.      Text-book  *    Hosmer's PracUcal  AstroZmy. " 

107s— Geodetic  Surveying.    Professors  Jacoby  and  S.  A.  Mitchell 
with  Assistants. 

Summer  Course  in  Practical  Geodesy:    Given  at  Camp  Columbia,  Morris    Conn 
Pre-requisite  for  all  courses:  Mathematics  of  first  two  years.       iUorns>   conn- 

BACTERIOLOGY 

.101— Sanitary  Bacteriology.    2  hours  and  2  afternoons  a  week  for 
n;ne  weeks.    Professor  Hiss  and  Assistants. 

ES5&fsS2^itoSff*i^'^  H?gicnf-     A  short  course  for   Sanitary 
in    Courses   51  S   Ml       ??         m  3nd  cover,.n?  t!ie  more  important  topics  treated 

peters   used    in   identification    of    the  various    fo^s       tL  ""„,'  ?'°'°Sieal  char- 


Pre-requisite:     Chemistry,    65. 

BOTANY 

7-Growth  and  Character  of  Timber,  i  hour  and  i  afternoon 
Professor  Curtis  and  Dr.  Darling 

Second  year  for  Civil  Engineering  students. 

CHEMISTRY 

The  following  courses  in  Chemistry  are  included  in  the  programs 
of  study  of  the  Schools  of  Mines,  Engineering  and  Chemist™  F™ 
Chtmis™™5  °ffered  SCe  the  A**™«*«*  of  the  Virion  of 
Inorganic  Chemistry 

3  or  4-General  Inorganic  Chemistry.  3  hours  class-room 
Professor  Smith. 

Pre-requisite:   Course  Chem.  A  or  Entrance  Examination  in  Chemistry. 

7-8-Inorganic  Chemistry.  2  hours  lectures  or  conferences  through- 
out the  year  and  5  afternoons  laboratory  the  second  half-year  Pro- 
fessor Smith. 

.he^sS1„1„0fr0gra„ffcUrcthhen,?stryStUden,S    in    ""    ^   °!   «*-«-•»    •«-"■■    a 
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61  or  62— Qualitative  Analysis.  4  hours  and  5  afternoons.  Pro- 
fessor Beans,  Dr.  Moore. 

Theory  and  practice  of  qualitative  inorganic  analysis  based  upon  the  principles  of 
physical  chemistry. 

Pre-requisite:     Chemistry  A  or  Entrance.     Parallel,   Chem.  3-4. 

I0I-I02— Advanced  Inorganic  Chemistry.  2  lectures.  Professor 
Smith. 

Descriptive    inorganic    chemistry    and    the    application    of    the    laws    and    theories 
of   chemistry   and   of  modern  views  to  chemical    problems. 
Pre-requisite:    Courses  3-4  and  61-62. 

Summer  Courses 
For  details,  see  the  Announcement  of  the  Summer  Session. 
sA  (s6)—  General  Chemistry.    5  hours  lectures,  12  hours  labora- 
tory work,  and  2  hours  recitations. 

S61-62 — Qualitative  Analysis.  10  hours  lectures  and  conferences, 
and  30  hours  laboratory  work  a  week.    Professor  Beans  and  Assistant. 

Extension   Teaching,  Evening   Courses 
For  details  see  the  Announcement  of  Extension  Teaching. 
eAi-eA2 — General  Chemistry,  College  Course.    Elementary  course 
for  students  beginning  the  study  of  chemistry.     2  lectures,  1  recitation 
and  2  hours  laboratory  practice,   counting  as  4  points  each  half  year. 
This  course  is  a  duplication  of  the  day  course  A1-A2.     Dr.  Neish. 

Physical  Chemistry 

21-22— Elementary  Physical  Chemistry.  2  hours  lectures  and 
recitations  first  half-year  and  3  hours  second  half-year,  with  laboratory 
work  15  afternoons  second  half-year  (equivalent  to  1  afternoon  through- 
out the  half-year).     Professor  Morgan  and  Assistant. 

Text-books:    Portions   of  Morgan's   Physical   Chemistry   for  Electrical  Engineers 
and  Ostwald's  Physico-Chemical  Measurements. 
Pre-requisite:    Course  3-4  and  Physics  3-4. 

I2I-I22— Physical  Chemistry.  3  hours  lectures  and  recitations 
during  the  entire  year,  and  15  afternoons,  equivalent  to  1  afternoon  a 
week,  laboratory  during  the  first  or  second  half-year.  Professor 
Morgan  and  Assistant. 

A  course  treating  of  the  states  of  aggregation,  solution,  and  ions  in  analytical 
chemistry,  thermo-chemistry,  chemical  mechanics,  and  electro-chemistry.  Text- 
books: Morgan's  Elements  of  Physical  Chemistry,  and  Ostwald's  Physico-chemical 
Measurements. 

Pre-requisite:     Course  3-4  and  61-62,   Physics  3-4  and  Mathematics  64-65. 

38 — Theoretical  Electro-chemistry.  2  hours  lectures  and  recita- 
tions.    Professor  Morgan. 

Text-book:   Portions  of  Morgan's  Physical  Chemistry  for  Electrical  Engineers. 
Pre-requisite:    Course:    3-4  and  65,  Physics  3-4,  and  Mathematics  64-65. 

23-24 — Physical  Chemistry.  2  hours  in  lectures  or  conferences 
throughout  the  year,  and  5  afternoons  laboratory  during  the  second 
half-year.     Professor  Morgan. 

Designed  for  four-year  students  in  the  course  of  chemistry,  selecting  a  thesis 
in  physical  chemistry. 
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Summer  Courses 
For  details,  see  the  Announcement  of  the  Summer  Session 
M'0H0^Elementary     PhySkal     Chemistr^      5     hours.       Professor 

refelTchtnAeJ^  la.b.°rat?ry  is/Pen  to  ProP^  qualified  students  for 
research  under  the  direction  of  Professor  Morgan. 

Organic   Chemistry 
Dr4INE\7o°rganiC  ChCmiStry'  Introductory  Lecture  Course.  2  hours. 

^f^^^r^^r^  bm%&c^rhseadVfnt?ge^  ^  ^^ 
important  classes  of  compounds  as  the  hydrocarbons  rtJffi™*™  glVen  ?n  such 
fats,  waxes,  soaps,  cyanides,  sugars  ltlboh?dr±,  a£°  s'.?thers!  °?&™  acids, 
drugs,  perfumes,  and  the  like  The  lectii?es  vvfll  hi  pk  alk,?lo,.?1s'  col<>ring  matters, 
from  the  Chemical  Museum.  Text-book  Perkin  %  felly  Ulustrated  by  material 
Pre-requisite:  Course  3-4  2nd  fi I  nr to  y  •  Klppl"&  ?  Organic  Chemistry. 
atory  work,   Course  401W&  1&  fl£  5 XU^" 

9  hn'^r  n^^/ C     Chemistr^     Introductory     Laboratory     Course 
8  hours.     Dr.  Nelson  and  Instructor  course. 

im^ort^  g*i  ^iS^o^uT^fer  khC  W"   reaCti°"S  °<  the 
AftfAorfj  of  Organic  Chemistry    COmpounds-       Text-book:     Gattermann's     Practical 

^Pre-requisite:     Courses  3-4  and  61  or  62.    Pre-requisite  or  parallel:     Course 

141-142-Organic  Chemistry,  General  Course.  3  lectures  and 
2  recitations  a  week  for  one  year,  and  4  afternoons  labor  toy  the 
first  half-year.     Professor  Bogert,  Dr.  Nelson  and  Instructor 

4om°nrte  Ts^rZ\lTTo^un%e  ^W**?  *  discussion*  of  all  the 
typical  organic  substances  are  prepared  synthetical ^T9*7*  *  J1-"*6  -nUmber  of 
methods  of  qualitative  and  ultimate  n™  ,  ,Jyf  •  d  ^stru,ctlon  &lve"  in  the 
Organic  Chemistry,  Gattermann's  Practical  *  M„,w  yS1S/  Text-.books:  Holleman's 
Pre-requisite:   Courses  3-4,  21 -Sf  and   161-16*    ^        ^mC   Chemistry- 

B0G4ERTI44~OrganiC    CHemi£try'    Conferences.     2   hours.      Professor 

-SffSSSbJ?   diSCUSSi°n   °f   recent   import^   investigations   in   the   field   of 

yeSWfo^S^^^^  Pfactice    the   second    half- 

organic  chemistry.3   Pr^^V^J^lt  ^oursT^t^  *  ^  fa 

Stude7ttdVa?C!d    °FganiC    Chemistry    £or    Chemical    Engineering 

The  "  1  o'f  or    ,reS  ^  3  afternoons'     Dr-  Nelson  and  Instructor. 
"^£^^^  -ference  -  their 

dfifirBSU^TSJK   •'   its    equivalf n?.  ^Sred    of  all    third-year 

151-152-Advanced     Organic     Chemistry,     Laboratory     Course. 

2  afternoons.     Professor  Bogert,  Dr.  Nelson  and  Instructor 

I»uni7.n?«TV^g?VeStS3eoSf.  S(c)    aKr5nt^°UPS   °J  ^™   ^ 

organic  substances   of  special   interest  to   thV™  J  ?i       \  id>    synthet.lc  d™gs  and 

For  cheSfrdlby  c?n^nc?^TSJ  iSst^uct?^1  pr°fession'   or  *■**  groups 

hal4reanemiCaI  engl"eerS  electinS  »  thesis  in  organic  chemistry,  3  afternoons,  second 

Pre-requisite:     Courses  3-4,  41-42,  and  43-44. 
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Summer  Courses 
S41-42— Organic  Chemistry,  Elementary  Lecture  Course.   10  hours. 
Dr.  Nelson  and  Assistant. 

S43-44— Organic  Chemistry,  Laboratory  Course.     Dr.  Nelson  and 
Assistant. 

Research.     The  laboratory  is  open  to  properly  qualified  students  for 
research  under  the  direction  of  Dr.  Nelson. 

Analytical  Chemistry 
65— Quantitative  Analysis,  Inorganic,  Short  Course.    2  hours  and 
2  afternoons.     Professor  Metzger  and  Instructors. 

co5heironalorf  l"!^  *•"  th'%c™vse  are:  Magnesium  sulphate,   potassium   alum, 
coal,    iron    ore,    copper,    zinc,    alkalimetry,    acidimetry,    and    flue    Was       Text-hooks- 
Chlmterf!    "   °n    Quantitathe   Analysis   and   Miller's    Calculations'  of   Analytcal 
Pre-requisite:    Courses  3-4  and  61  or  62. 

66— Quantitative  Analysis,  Inorganic.  3  hours  and  4  afternoons. 
Professor  Metzger  and  Instructors. 

ij?'  anal?ses  ^eluded  in  this  course  are:  Magnesium  sulphate,  potassium  alum 

conn *r     WlTr ^  """'    C?^'    ""^    °re«    pif  J*0"*    Spiege1'    Z'mc    °re     Hmestone,    Sag 
copper,  lead,  arsenic,  antimony,   ores,  and  flue  gas.     Text-books:   Miller's  Notes  on 
Quantitative  Analysis  and   Miller's   Calculations  of  Analytical  ChemiSry 
Pre-requisite:    Courses  3-4  and  61  or  62. 

161-162— Quantitative  Analysis,  Inorganic.  1  hour  and  8  hours 
laboratory.     Professor  Metzger. 

Text-book:  Talbot's  Quantitative  Analysis. 
Pre-requisite:    Courses  3-4  and  61  or  62. 

163-164— Quantitative  Analysis.  163—3  hours,  164—4  hours  and 
4  afternoons.     Professor  Metzger  and  Instructors. 

The  classroom  work  includes  not  only  the  methods  applied  in  the  laboratory  but 
discussions  of  quantitative  separations  from  a  theoretical  standpoint,  and  chemical 
calculations.  Text-books:  Treadwell's  Quantitative  Analysis  and  Miller's  Calcula- 
tions of  Analytical  Chemistry. 

The  analyses  included  in  this  course  are:  Magnesium  sulphate,  sodium  or  other 
chloride,  potassium  alum,  iron  ammonium  alum,  coal,  iron  ore,  pig  iron  spieeel 
limestone,  slag,  feldspar,  ores  of.  zinc,  copper,  nickel,  lead,  chromium,  arsenic! 
antimony,  alloys,  rocks,  gas  analysis,  etc. 

Prerequisite:    Courses  3-4  and  61  or  62, 

167-168— Advanced  Inorganic  Analysis.  2  hours.  Professor  Metz- 
ger. 

Laboratory  practice  5   afternoons  during  the  second  half-year  for  students  in  the 
course  of  Chemistry,   who  elect  thesis  work  in  inorganic  analytical  chemistry 
m    A  systematic  study  of  the  separation  and  determination   of  the  elements,   includ- 
ing the   rare  elements. 

Pre-requisite  or  parallel:     Chemistry  101-102,   121-122,  163-164. 

171— Organic  Analysis.  2  hours  and  2  afternoons.  Professor 
Sherman  and  Instructor. 

The  lectures  include  general  and  industrial  organic  analysis,  fertilizer  analysis 
and  inspection,  examination  of  drinking  water.  Special  attention  is  given  to  the 
interpretation  of  the  analytical  results.  Text-books:  Sherman's  Methods  of 
Organic  Analysis  and  Mason's  Examination   of   Water. 

The  analyses  included  in  this  course  are:  Acidimetry  and  alkalimetry,  alcohol 
sugars,  lubricating  and  other  industrial  oils,  soap,  fertilizers,  and  the  sanitary 
analysis  of  water.  J 

Pre-requisite:      Chemistry  41-42   and   161-162. 

173-174— Advanced  Organic  Analysis.  2  hours.  Professor  Sher- 
man. 

Laboratory   work   during  the  second  half-year   5   afternoons  for   fourth-year   stu- 
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dents  in  the  Chemistry  course  who   elect  thesis   work  in   organic   analytical  chem- 
istry or  food  chemistry. 

The  analytical  chemistry  of  proteins  and  their  derivatives,  alkaloids,  tannins  and 
fibres;  plant  analysis;  advanced  methods  in  food  analysis;  measurement  of  the 
activity  of  enzymes  and  the  digestibility  and  nutritive  value  of  food-  systematic 
review  of  organic  analysis. 

Prerequisite  or  parallel:     Chemistry  171   or   175. 

175— Food  Analysis.  2  hours  and  2  afternoons.  Professor 
Sherman  and  Instructor. 

The  class-room  work  of  this  course  includes  a  discussion  of  the  descriptive  and 
analytical  chemistry  of  the  principal  constituents  of  foods,  and  some  of  the  more 
important  enzymes  connected  with  the  utilization  of  foods,  as  well  as  the  analysis 
of  commercial  food  products.  Special  attention  is  given  to  the  interpretation  of 
the  results  of  food  analysis  in  relation  to  official  standards  of  composition  and 
purity.      Text-book:     Sherman's  Methods  of  Organic  Analysis. 

The  analyses  included  in  this  course  are:      Sugars,  starches,   cereals  and   bread- 
stuffs,   edible   oils,  butter,  milk,   and   food  preservatives. 
Pre-requisite:     Chemistry  41-42  and   161-162. 

176 — Chemistry  of  Food  and  Nutrition.  3  hours.  Professor 
Sherman. 

The  chemistry  and  functions  of  the  foodstuffs;  the  composition  and  nutritive 
values  of  food  materials;  the  amounts  of  food  required  in  nutrition;  methods  of 
determining  the  nutritive  values  of  special  foods  and  the  effects  of  adulteration- 
food  legislation  and  inspection;  standards  of  purity  for  food  products;  normal  and 
abnormal  variations  in  compositions.  Text-book:  Sherman's  Chemistry  of  Food 
and  Nutrition. 

Pre-requisite:      Chemistry   41. 

Summer  Courses 

For  details,  see  the  Announcement  of  the  Summer  Session. 

S161-162— Quantitative  Analysis.  5  hours  lectures  and  30  hours 
laboratory  work  a  week  (accepted  for  Course  65).    Professor  Metzger. 

sF— Chemistry  of  Nutrition.  5  hours  lectures.  Professor  Sher- 
man. 

si7ia— Organic  and  Sanitary  Analysis.  Conferences  and  laboratory. 
Professor  Sherman  and  Assistant. 

si 71b— Food  Analysis  and  Inspection.    Professor  Sherman. 

Research.  The  laboratory  is  open  to  properly  qualified  students  for 
research,  in  organic  analytical  chemistry  or  the  chemistry  of  foods, 
under  the  direction  of  Professor  Sherman. 

Industrial  Chemistry 

81-82— Industrial  Chemistry,  General.  3  hours  lectures.  Professor 
Whitaker  and  Dr.  Kress. 

Air;  water;  sulphur;  sulphuric  acid:  nitric  acid;  hydrochloric  acid;  alkali  indus- 
tries; potash;  artificial  gases  and  natural  gas;  petroleum  and  its  products;  cement; 
paints  and  varnishes;  soaps;  ceramics;  glass;  explosives;  fuels;  structural  ma- 
terials. 

Pre-requisite:     Courses  Chemistry  3   or  4  and  61    or  62. 

83— Industrial  Chemistry,  Advanced  Course.    3  hours.    Dr.  Kress. 

a  T%'g^>    tanning;    glue    and    gums;    India    rubber    and    plastics;    celluloid;    arti- 
ficial  fibers;    paints,    oils,    varnishes;    paper;    photography,    etc. 

Pre-requisite:      Courses  Chemistry  3-4  and   81-82  or  41-42. 

84— Food  Chemistry.    3  hours.    Professor  Sherman. 

The  general  principles  of  food  chemistry  and  food  legislation  and  the  chemical 
technology  and  control  of  the  more  important  food  industries;  milk  and  its  products; 
meat  products;  edible  fats  and  oils;  grain  products;  starch,  glucose,  sugar;  fruit 
products;   fermentation;    etc. 

Pre-requisite:     Chemistry  3   or  4   and   81-82   or   41-42. 
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88— Industrial  Chemistry,  Laboratory  Practice.  3  afternoons. 
Professor  Whitaker  and  Dr.   Kress. 

Fourth-year   students   in    Chemical    Engineering. 

89— Industrial  Chemistry,  Laboratory  Practice.  1  afternoon.  Dr. 
Kress. 

Special    applications:    Textile    industry,    vegetable    and    animal    fibres,    bleaching 
dyeing,  and  calico  printing.     Including  instruction  in  the  use  of  the  microscope. 
Pre-requisite:     Course  3  or  4,  41    or  42. 

95-96— Industrial    Chemistry.     2    hours    throughout    the   year,    and 

5  afternoons  in  the  laboratory  during  the  second  half-year.     Professor 

Whitaker  and  Dr.  Kress. 

Designed  for  fourth-year  students  in  the  course  of  chemistry  selecting  a  thesis  in 
industrial  chemistry.  6 

197— Chemical  Factory  Apparatus  and  Machines.  5  hours.  Pro- 
fessors Whitaker  and  Thomas. 

To  cover  the  construction  and  use  of  the  apparatus  and  machinery  of  chemical 
factories. 

198— Chemical  Factory  Management.  3  hours.  Professor  Whit- 
aker. 

Relations  of  the  chemist  to  the  various  phases  of  making  and  marketing 
chemical  products,  bales  organization  and  methods;  transportation  of  products 
and  materials;  purchase  of  supplies;  warehousing  and  stocks;  manufacturing  organi- 
zation; equipment;  process;  operation;  cost  keeping  and  accounting;  process  im- 
provements; product  improvements;  factory  economics;  labor;  insurance;  fire  and 
accident  protection;   finance;   administration. 

80a— Factory  Inspection  and  Summer  Memoir.  Professor  Whit- 
aker and  Dr.  Kress. 

,-  V|sit/11?^  and  inspection  of  chemical  works  of  special  interest  in  and  near  New 
\ork  City,  such  as  gas  works,  petroleum  refineries,  paint  and  varnish  factories, 
soap   and  candle  works,    and  plants   for  the   purification  of   water   and  sewage. 

Required  of  all  second-year  students  in  the  courses  of  chemistry  and  chemical 
engineering.  The  visits  to  factories  are  made  during  the  weeks  following  the 
final  examinations. 

80b— Summer  Factory  Excursion  Work  and  Report.  Professor 
Whitaker  and  Dr.  Kress. 

Two  weeks  is  devoted  to  a  study  of  industrial  plants  in  New  York  and  neigh- 
boring cities.  Students  will  also  be  required  to  work  at  least  six  weeks  in  a 
chemical  factory  or  laboratory  or  in  some  position  approved  bv  the  instructor. 
Full  report  on  this  requirement  will  be  made  to  the  instructors  at  the  conclusion 
of  the  work. 

Electro-Chemistry 
93-94— Electro-Chemistry.    2  hours  throughout  the  year,  and  5  after- 
noons during  the  second  half-year.    Professor  Tucker. 

Designed  for  fourth-year  students  in  the  course  of  chemistry  or  chemical  engi- 
neering selecting  a  thesis  in  electro-chemistry. 

181-182 — Practical  Electro-Chemistry.  10  hours.   Professor  Tucker. 

Electroplating,  influential  factors  in  electrolysis,  the  use  of  diaphragms,  elec- 
trolysis of  fused  salts,  electrolytic  preparations,  metal  refining,  electric  furnace 
practice,  and  preparation  of  carbides,  silicides,  etc.,  measurement  of  high  tem- 
peratures. 

Pre-requisite:     Courses  3  or  4,  61  or  62,  65. 

183-184— Industrial  Electro-Chemistry.     1  hour  and  14  afternoons. 

Professor  Tucker. 

The  applications   of  electrolysis  and   the    electric   furnace  to   the   production    and 
purification  of  chemicals  and  metals.     Illustrated  by  short  laboratory  course. 
Pre-requisite:    3  or  4,  65. 


76  MINES,  ENGINEERING  AND  CHEMISTRY 

CIVIL   ENGINEERING 

2— Theory  of  Surveying.     Lectures  and  recitations,  2  hours.     Pro- 
fessor Lovell,  Mr.  Finch  and  Assistants. 

orn  nefii1deSCnpV0i;S- .  Text-book:   Tracy's  P/flH(?   <TMr^y^  Interpreta- 

i-or  all  hrsl-year  students  in   Chemistry. 

15— Surveying  between  the  First  and  Second  Years.    Field  work 

and  office  work.     5  weeks.     4  surveys.     Professor  Lovell,  Mr.  Finch 
and  Assistants. 
Survey  /includes  pacing  and  chaining,  ranging  out  lines    contouring  with  h^A 

JS^ofdSESlWteS.*  vf*?  °l  thVdjU?tmenct  Cf  the'leveTand1  ?n  n  IS? 
line  ot  dirterer.tial  levels.  Note  book  and  report.  Survey  3  consists  of  the  adiii«t 
ment  of  the  transit,  angle  reading  by  repetition,  determination  of  stadia  ?ons  an?' 
observations  to  determine  reliability  of  the  compass,  the  survey  of  a  closed  field 
or  farm  measuring  the  boundary  lines  by  steel  tape  and  the  angles  o?  directions 
taytionanoSf  aarneda  2^f  "fnthe  ^""Pa]  topo^phic  detail  by  stadfa^Xe&ok.compS! 
tation  ot  area  and  map.  Survey  4  consists  of  repetition  traverse  of  a  closed  field 
distances  being  measured  by  steel  tape  corrected  for  catenary  pull  and  tern 
'^       Pre.r?qeSeT2.10n    °f   "-***    declillatio»    by   observation   Si ?  tolaris.  te'n' 

21— Highway  Engineering.    2  hours.     Professor  Lovell. 

Rrtand  cet"ntanC^ST^esi,fn'  const,Fuct;°n>  maintenance  and  repair,  of  Dirt,  Gravel 
3 ke"  St° ne  and  Miscellaneous  Roads— Street  Location— City  pavements— Befian 
nrl-n?Ian,tQe  B-1<?Ck/-  Bnckr,  ,Asphalt  and  Wooden  Block-Foundations-cfades^ 
Drainage,   Specifications.     Reference  and  text-books:  Roads  and  Pavement] T Baker. 

23— Theory  of  Railroad  Surveying.  2  hours  and  1  afternoon.  Pro- 
fessor Lovell  and  Mr.  Finch. 

ie4°a?ra?eg^U^(^r£U^.in  Mining  E"^ering,  covering  the  same  sub- 
Pre-requisite:     15. 

25— Surveying  between  the  Second  and  Third  Years.  Field  work 
and  office  work.  5  weeks.  5  surveys.  Professor  Lovell,  Mr.  Finch 
and  Assistants. 

nrffilT^Jl  C°nsiSt!  °J  ru"ning  a  Hl?e  of  levels  for  a  water  main  or  sewer,  plotting 
Sitr .  nW  tlhU?UtTU?n  0f..excavatl0n-.  Survey  2  consists  of  a  topographic  survey 
m,n  S  c  •  Intersect!on.  re-section,  and  traverse  methods  to  be  used,  and 
nolbSt,JZr,y  {COnTS  ,°f  a  tQP?S>-aphic  survey  with  transit  and  stadia; 
n  r„  °  e d  map-  An  °Ptl0nal  c°urse  m  photographic  surveying  may  be  offered 
for  the  dete™iStfo«0nfS1S  °/  ^  ?]'.servatiJons  with  .  transit  and  so!ar  compass 
riL  c,1r,  f  ?  at  °"*  °f  rthf  trJl!e-  meridian   and  magnetic  declination.      Survey  5a 

w/anJ  2    ig'  c°nsists£  °[  the  division  of  land  into  city  blocks  and  subd"   " 


'-'^ncy.    map    showing    property    with    record 
line  and   encroachments.     Location  of  lines   for  buildings,  bridge  abutments,   etc? 

a  rc-rcQ UlSltC  .       iO. 

26— Surveying  between  the  Third  and  Fourth  Years.  Hydro- 
graphic  Survey.  Field  and  office  work  2  weeks.  Professor  Lovell, 
Mr.  Finch  and  Assistants. 

mfeUr~VnyTwe   f   conjunction    with    Geodetic    Survey    (total    time    5    weeks,    see 
page  70,   Uept.    of   Astronomy),   which   furnishes  main    triangulation  net   for   topo- 
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graphicand  hydrographic  control.     Hydrographic  survey  consists  of  auxilliary  tri- 
angulation,   topography   on   shore   by   stadia,   soundings,   observations  on   outlet  by 
current   meter   for  river  discharge,  adjustment   of  angles,  computation  of  triangula- 
1""'  system,  also  oi   river  discharge,  may  and  report. 
Pre- requisite:    25. 

27— Surveying  between  the  Second  and  Third  Years.  Field  work 
and  office  work.  5  weeks.  5  surveys.  Professor  Lovell,  Mr.  Finch 
and  Assistants. 

Same  as  C.  E.  25  except  Survey  5a  is  omitted  and  Survey  5b  is  added.  Survey 
$b  consists  of  the  location  of  a  mining  claim  1,500  feet  long  by  300  feet  wide  in 
conflict  with  existing  claims,  and  the  determination  of  the  areas  in  conflict.  The 
claim  is  located  upon  an  outcrop  of  assumed  dip  and  strike,  in  such  a  manner  as  to 
keep  the  center  line  close  to  the  outcrop.  Reports  and  maps. 
Pre-requisite:    15. 

28— Surveying  between  the  Second  and  Third  Years.  Field  work 
and  office  work.    3  weeks.    Professor  Lovell,  Mr.  Finch  and  Assistants. 

Railroad  surveying — Reconnaissance — Preliminary  survey — Location — Cross-sec- 
tioning— Computation — Economic  comparisons  from  construction  and  operating 
standpoints — A  complete  survey  for  the  location  of  a  line  two  to  five  miles  long  is 
made,  with  all  the  attendant  computations  requisite  for  placing  the  work  under 
contract.  Maps,  plans,  profiles,  calculations  of  earthworks,  estimates  and  specifica- 
tions. Daily  conferences  with  instructor  in  charge  of  party. 
Pre-requisite:    23,  27. 

51-52 — Theory  of  Railroad  Surveying.  2  hours  and  1  afternoon, 
first  half-year,  and  3  hours  and  1  afternoon  second  half-year.  Professor 
Lovell  and  Mr.  Finch. 

Simple,  compound,  and  reversed  curves — Transition  curves — Switch  work — 
Cross-section  work — Earthwork  computations — Cost  of  earthwork;  cut  and  fill — 
Borrow— Waste  and  overhaul — Office  work;  Profile  with  mass  curve  showing  proper 
distribution  of  excavation.  Lectures  and  practical  problems.  Reference  books: 
Searle's  Field  Engineering  and  Crandall's  Transition  Curve  and  Earthwork. 
Pre-requisite:    15. 

53-54 — Elasticity  and  Resistance  of  the  Materials  of  Engineering. 

5  hours  lectures  and  recitations  first  half.  6  hours  first  half-year  of 
problem,  design  and  laboratory  work;  3  hours  second  half.  Professors 
Burr  and  Williams,  Mr.  MacGregor  and  Mr.  Briggs. 

Laws  of  elasticity  in  homogeneous  materials — Coefficients  of  elasticity — Relations 
between  stresses  and  strains — Common  and  exact  theories  of  torsion  and  flexure — 
Elastic  limits,  working  stresses,  and  ultimate  resistances  of  wrought  iron,  cast  iron, 
steel,  alloys,  timbers,  building-stones,  cement,  concrete,  and  masonry — Reinforced 
concrete  construction — Complete  treatment  of  simple  and  continuous  beams — The 
design  and  construction  of  iron,  steel,  and  timber  columns  and  beams,  including 
the  design  and  construction  of  plate  girders — Shafts — Cables — Fatigue  of  materials 
— Specifications — Testing  Laboratory — Discussion  of  properties  of  structural  ma- 
terials as  shown  by  results  of  testing,  by  tension,  compression,  bending,  and  torsion 
— Report  of  tests.  Reference  and  text-book:  Burr's  Elasticity  and  Resistance  of 
Materials. 

Pre-requisite:    Mechanics  102. 

55 — Standard  Methods  of  Water  Analysis.     2  afternoons. 

Physical  and  biological. 

Pre-requisite:    Zoology  7,  Bacteriology  101,  Civil  Engineering  59. 

57a— Statistics  and  Interpretation  of  Water  Analyses.    20  lectures. 

Collection,  preparation  and  interpretation  of  vital  statistics,  for  the  identification 
of  the  sanitary  condition  of  particular  States,  cities,  or  communities  as  affected  by 
water  and  milk  supplies,  sewerage  systems,  industrial  and  economic  conditions. 
Interpretation  of  complete  water  analyses. 
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57b-Drainage  of  Marshes  and  Lowlands.    A  course  of  10  lectures. 

Mosquitos,  habits,  breeding,  methods  of  extermination.     Malaria,  yellow  fever 
CiSrESerrnf^?01^"  "'  Md  5?b  ™  Z°o1^  '•  Bacteriology  101,  and 

58-Masonry  Structures.  3  hours  and  1  afternoon  with  frequent 
conferences  and  continuous  work  in  design.  Cement  and  mortar  testing 
in  the  cement-testing  laboratory  are  required  of  all  students.  Pro- 
fessor Williams. 

Theory  and  Design  of  n IKonrv  H   ls     r  !'    earth    and    h,ffh    masonry    dams- 

books"    KetchmX  Wan!  Bhls  %STg£?rElSZ?&  ^  ""TO     l^rence 
Masonry   Dams,   and    Bakef's'Va"!?/^/^^^^"15011  and  Br°die'S  High 
Pre-requisite:     Mechanics  102,  Mineralogy  5. 

59-Sanitary  Engineering.  2  hours  and  2  afternoons  in  January  in 
Bacteriological  Laboratory.     Professor  Black.* 

intermittent    sand   filtration-^ Septic    tanks— fnZTVl      p      '  1  V  continuol.ls  and 
Pre-requisite:     Chemistry    82. 

61-Analytical  Theory  of  Trusses.  2  hours  and  1  afternoon,  with 
frequent  conferences  and  problems  in  computations  of  stresses  and 
preparation  of  stress  sheets.     Professor  Williams 

Pre-requisite:     Mechanics    102. 

62— Graphic  Statics.    2  hours  and  1  afternoon.    Professor  Williams. 

frJln  stucJents  *J    Ci™1   Engineering— Equilibrium   polygon,    and  polveonal  frames 

Fark'sP7nSc/Linidge    Md   r°°f    trUSSeS'      Referen«    and    text-book:    Burr    and 
Pre-requisite:      Mechanics    102. 

64-Graphic  Statics,     i  hour  and  1  afternoon  for  mining  engineers 
and  metallurgist.     Professor  Williams. 

An  abridged  course,  covering  the  subjects  taken  in  Course  62. 

Pre-requisite:     Mechanics   102. 
*Absent    on    leave. 
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71— Surveying  between  the  Third  and  Fourth  Years.     Field  work 
and  office  work.    4  weeks.    Professor  Lovell,  Mr.  Finch  and  Assistants. 

Railroad  Surveying— Reconnaissance— Preliminary  survey — Location— Cross-sec- 
tioning— Computations — Economic  comparisons  from  construction  and  operation 
standpoints— A  complete  survey  for  the  location  of  a  line  two  to  five  miles  long  is 
made,  with  all  the  attendant  computations  requisite  for  placing  the  work  under 
contract.  Maps,  plans,  profiles,  earthwork  quantities,  estimates  and  specifications. 
Daily  conferences  with  instructor  in  charge  of  party. 
Pre-requisite:    51-52  and  25. 

75 — Hydraulics.      4    hours,    with    conferences    and    problems.      Mr. 
Finch. 

Flow  of  water  through  orifices— Time  required  for  discharge  of  canal  locks  and 
similar  volumes — Weir  discharge  and  gauging  by  weirs — Gauging  of  water  for 
systems  of  irrigation — Flow  through  and  discharge  of  pipes — Design  of  pipe  sys- 
tems for  city  waterworks — The  Venturi  meter — Flow  in  and  discharge  of  open 
canals  and  rivers— Gauging  of  streams  by  current  meters,  floats  and  other  means- 
Backwater— Flow  of  compressible  fluids.  Text-book:  Merriman's  Hydraulics. 
Pre-requisite:    Mechanics  102,  Math.  64-65. 

76— Hydraulics.    2  hours.     Mr.  Finch. 

For  students  in  Mining   Engineering — Course  75  abridged. 
Pre-requisite:    Mechanics  102,  Math.  64-65. 

77— Hydraulics.     2  hours.     Mr.  Finch. 

For  students  in  Electrical  Engineering— Similar  to  Course  75,  but  shorter  In 
addition  it  deals  with  the  general  considerations  of  rainfall,  evaporation  percola- 
tion, run-off,  net  yield  and  storage;  conduction  of  water  from  source  to  power- 
house, hydraulic  losses  and  effective  head  on  wheel;  estimation  of  power  Text- 
book: Merrimans  Hydraulics.  Reference  book:  Turneaure  and  Russell's  Public 
Water  Supplies. 

78— Hydraulics.     2  hours.     Mr.  Finch. 

For  students  in  Chemical  and  Mechanical  Engineering— Same  as  76. 

85— Foundations.  2  hours  and  1  afternoon,  with  frequent  conferences 
and  continuous  work  in  design.     Professor  Burr. 

Earth  foundations— Foundations  for  buildings— Safe  loads  on  masonry  and  foun- 
dation beds— Pile  driving  and  pile  foundations— Safe  loads  for  piles— Protection 
and  preservation  of  piles  and  timber— Sheet  piling  and  coffer-dam  methods- 
pneumatic  foundations  and  caisson  work— Open  dredging— Bridge  piers  of  masonry 
and  cylinders— Piers  for  deep  foundations— Methods  of  working  in  quicksands— 
lunnehng.  Reference  books:  Patton's  Foundations  and  Baker's  Masonry  and 
foundations. 

Pre-requisite:     58,    Geology    18. 

87-88— The  Design  and  Construction  of  Bridges,  Roofs,  and 
Buildings.  2  hours  and  1  afternoon,  with  frequent  conferences  and 
continuous  work  in  design.     Professors  Burr  and  Williams. 

Railway  and  highway  bridges — Pin  and  riveted  connections — Single  and  multiple 
system  of  bracing — The  design  of  details  for  bridges,  roofs,  and  buildings — Floors 
lor  railway  and  highway  bridges — The  design  and  operation  of  draw-bridges,  in- 
cluding engines,  locking,  lifting,  and  turning  machinerv — Cantilever  structures- 
Wind  roads _  and  stresses — Single  and  double-track  viaducts  or  trestles  in  iron, 
steel,  and  timber — Lateral  and  transverse  systems  of  bracing — The  design  and 
construction  of  elevated  railroads — The  complete  designs  of  railway  structures, 
with  estimates  of  cost — The  erection  of  iron,  steel,  and  timber  structures,  includ- 
ing the  cost  of  erection.  First  half-year  only  for  sanitary  engineers.  Reference 
and  text-books:  Burr  and  Falk's  Influence  Lines;  Burr  and  Falk's  Metallic  Bridges. 
Pre-requisite:    53-54,  61-62. 
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89-90-Railroad  Engineering.     3  hours  and  2  afternoons   for  con- 
ferences and  design  work.    Professor  Lovell  and  Mr   Finch 

RWBBBffiHI 

Development   and   present  practice  in   block   signalling  and  interlock  n^    with    nrnT" 
?t!S   Si™   hang  ;     ^d    ^ehveJy— Mes,^n    of    standard    maintenance    of    way    plans 

-Camps  JVo,«   on    7ra<*-Dewsnap's  /ta/waj   Organization    and Workme 
Pre-requisite:    71. 

94— The  Design  and  Construction  of  Sewers,  and  River  and 
Harbor  Improvements.  2  hours  lectures,  recitations,  problem  and 
design  work.     Professor  Black. 

f.^!WC?ge  and  surface  drainage  of  cities  and  towns— Separate  and  combined  svs 

improvements— Scouring   action    of    currents— Erosion    of    river    banks— Dams    for 
KSE^rh  °f   "T"    nTaviSati.0"-Breakwaters-DykeS-GrS"s-Mnattres?  work- 

Pre-requisite:    26,  59,  75. 

96— Principles  of  Hygiene,  Sanitary  Science  and  Public  Health. 

3  hours. 

nn?e^?,  apd  dijeasf?   the  germ  theory  of  disease;  dust  and  its  dangers:  infection 

disease     flier ;fle1,r<!naknnHg  Sf^V"'   mi]k'  .veget^les,   shell-fish,   etc.,  m  vefficle.  of 

atd^nitation^Perronal'hrgi'ne:356   Camer8J    ^^   Pr°blemS   °f  'ublic   health 

C.PEe"59qUiSite:      Civil  EnSineerinS  57a  a"d  57b,   Zoology  7,  Bateriology  101, 

97— Water- Supply  and  Irrigation  Engineering.  2  hours  lectures, 
recitations,  problem  and  design  work.    Professor  Black  and  Mr.  Finch.' 

Rainfall   and  storage— Flow   of  streams— influence    of  soils    elevation    eeoloeical 

natu'ra  funaerTro^nH^r1^61110^   °f  /"^  Potation,   PumpinTfrom  SJerf  w 
natural    underground    storage,    flow    from    the    latter,    underground    flow     wells— 

doTror,rrtrAUCtl°VDist;ibuti^  System'     House  "supply  !nd  wastagl'    Irr  ga- 
IhrnJl    Iapd— Amounts    and    periods    of    application-Construction    of,    and    flow 
Turnegaure   &  "Russen?      distnbuto«    canals-      Text-book:    Public    Water    Supplies, 
Pre-requisite:    26,  59,  75. 

99-100— Graduation  Thesis.  A  project  or  thesis  on  some  civil 
engineering  subject,  approved  by  the  head  of  the  department,  is  re- 
quired of  every  candidate  for  the  degree  of  Civil  Engineer. 
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Advanced   Courses 

The  minor  subjects  in  the  department  of  Civil  Engineering  for  the 
University  degrees  of  Master  of  Arts  and  Doctor  of  Philosophy  (those 
courses  which  fulfill  the  residence  requirements)   are  the  following: 

I53-i54— Elasticity  and   Resistance  of  Materials. 

257-258-Elastic  and  Masonry  Arches.  Open  to  those  who  have 
taken  57-58.     Conferences,  reading  and  design  work,  as   required. 

275-276— Hydraulics    (75    with   additional    reading). 

285-286— Foundations,  including  theory  of  earth  pressure  (85  with 
additional  reading). 

287-288— Long  Span  Bridges.  Open  to  those  who  have  taken  Civil 
Engineering  87-88.  Conferences,  with  reading  and  design  work  as 
required. 

291-292— Railroad  Location:  advanced  work  in  the  Economics  of 
Railroad  Location,  including  a  study  of  railroad  operation  with 
special  reference  to  the  application  of  the  economic  principles  in 
the  re-location  of  some  existing  railway  or  the  location  of  a  pro- 
posed road.  Plans,  Profiles  and  Estimates.  Pre-requisite:  Courses 
89-90. 

The  major  subjects  for  the  same  University  degrees  are  the  follow- 
ing: 

259-260— Sanitary  Engineering.    Pre-requisite  :  Courses  59,  94,  98. 

277-278— Hydraulic  Engineering,  including  the  hydraulics  of  rivers 
and  power  plants  and  municipal  water-works. 

289-290— The  Engineering  of  Structures,  including  long  span 
sewage  works,  streets  and  other  public  works  and  their  administration. 

289-290— The  Engineering  of  Structures,  including  long  span 
bridges  and  deep  foundations,  with  methods  of  building  them,  and  ad- 
vanced work  in  Elasticity  and  Resistance  of  materials. 

293-294— Railroad  Engineering:  the  design  of  the  Permanent 
Way,  including  plans  and  specifications  for  roadbed,  tunnels  and 
culverts,  track  and  track  structures,  yard  and  station  layouts,  block 
signals  and  interlocking.  Pre-requisite:  Courses  53-54,  58,  75,  85 
87-88,  89-90,  and  Mining  Eng.  53. 
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DRAFTING 
Equipment 

The  drafting  rooms  and  offices,  situated  on  the  fourth  floor  of  the 
Engineering  building,  are  equipped  with  a  standard  form  of  drafting 
table,  and  have  a  seating  capacity  for  175  students. 

The  collections  of  the  department  contain  a  complete  set  of  models 
illustrating  problems  in  projections  and  descriptive  geometry,  as  well 
as  the  usual  charts,  blue  prints,  and  models  for  use  in  the  lecture  and 
drafting  rooms.  A  special  feature  of  the  collection  is  a  full  set  of 
Olivier  models  illustrating  the  warped  surfaces  and  problems  in  inter- 
sections and  tangencies. 

1,  2— Drafting.  1  hour  and  14  hours  drafting.  Professors  Mayer, 
Miller  and  Harrington,  and  Mr.  Beans. 

(a)  Elements  of  mechanical  drafting— Use  of  instruments;  plane  problems;  free 
hand  lettering;  dimensioning;  (b)  Projections — Orthographic  projection;  intersec- 
tions; developments;  problems  in  descriptive  geometry;  isometric  projection;  cab- 
inet projection;  (c)  Machine  drafting— Conventional  signs  for  materials  of  con- 
struction; sketching  of  machine  details.  Working  drawings;  tracings;  blue  print- 
ing;  (d)   Topography— Conventional  signs;   hill   shading;   mapping. 

3,   4— Descriptive    Geometry.  3    hours.      Professors    Mayer, 

Miller  and  Harrington. 

Problems  on  point,  line,  and  plane;  classification  of  surfaces;  tangent  planes  to 
single  curved  surfaces  and  surfaces  of  revolutions;  intersections;  developments; 
warped  surfaces. 

5.  6 — Drafting.     6  hours.     Professors  Mayer  and   Miller. 

(a)  Graphics — Shades  and  shadows;  perspective;  (b)  Stone  cutting — Buttress; 
wing-wall;   arches. 

Pre-requisite:    Drafting  1-2,  3-4. 

7>  8— Drafting.  6  hours.  Professors  Mayer,  Miller  and  Harring- 
ton. 

(a)  Structural  drafting — Standard  rolled  sections;  conventional  riveting  signs; 
standard  connections;  methods  of  framing  and  detailing  structural  work;  beams; 
columns;  plate  girder;  roof  trusses;  bridge  details;  (b)  Machine  drafting — Work- 
ing drawings;  tracing  and  blue  prints  of  machine  details;  boiler  and  engine-room 
layouts,  etc. 

Pre-requisite:    Drafting  1-2,  3-4. 


ECONOMICS 

2 — 3  hours.    Professors  Seager  and  Agger  and  Dr.  Anderson. 

Introduction  to  Economics.  Lectures,  reading  and  text-book  discussion.  In 
this  course  the  fundamental  principles  of  economics  are  studied  with  particular 
reference  to  their  application  to  current  economic  and  social  problems  in  the 
United  States,  and  with  special  regard  to  the  needs  of  students  in  engineering. 
Third-year  students  in  Electrical  and  fourth-year  students  in  Mechanical  Engi- 
neering. 
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ELECTRICAL  ENGINEERING 

2— Elements  of  the  Dynamo.  2  hours.  Professors  Arendt  and 
Mokecroft.     (1  quiz  period  for  E.  E.  students.) 

A  general  consideration  of  the  principles  and  parts  of  Dynamo  Electric  Ma- 
chinery. History,  definition  of  dynamo  and  motor,  reversibility  of  functions, 
magnetic  held  magneto-motive-force,  hysteresis,  elementary  dynamo,  generation 
oi  e-m.f.,  collector  rings  and  commutator.  Parts  of  the  dynamo;  the  magnetic 
circuit,  materials  and  function.  The  armature  core:  materials,  eddy  currents 
forms,  construction.  The  armature  winding,  material,  function,  multiplication  of 
electro-motive-force,  types.  The  commutator:  materials  and  construction.  Brushes: 
function,  materials  and  supports.  Field  trame:  materials,  forms,  development  of 
magnetic  flux,  windings,  magnetic  leakage.  Armature  reaction:  cause  of  back 
and  cross  ampere  turns,  brush  shifting,  sparking  at  brushes  and  remedies.  Action 
ot  different  types  of  dynamos,  and  typical  forms.  Text-book:  Crocker's  Electric 
Lighting,  Vol.  I. 

Pre-requisite:     Physics  3-4   and   5. 

4 — Electric  Distribution.    2  hours.     Professor  Arexdt. 

Principles  and  Methods  of  transmitting,  distributing  and  controlling  direct  cur- 
rents. Introductory,  direct  current  series  and  parallel  systems,  feeders  and  mains, 
voltage    regulation,    networks,   high   tension    d.c.    systems. 

Principles  of  alternating  currents,  self  and  mutual  inductance,  capacitv,  imped- 
dance,  effective  values  of  current  and  voltage,  phase  angle  and  power  factor  Text- 
book:  Crocker's  Electric  Lighting,   Vol.   II. 

For  E.M.,   C.E.,   Met.E.,  Chem.E.  and  San.E.   students. 

52— Design  of  Direct-Current  Machinery.  2  hours  and  1  afternoon. 
Professor  Arendt. 

Application  of  electrical  and  mechanical  theory  to  the  design  and  calculation  of 
D.  C.  machinery  with  complete  and  original  designs  of  generators  or  motors  in 
accordance  with  specifications,  requiring  all  calculations  and  working  drawings. 
Reference  books:  Thompson's  Design  of  Dynamos,  Cramp's  Continuous  Current 
Machine  Design. 

Pre-requisite:     Phys.   5   E.    E.    2   and    101.      Parallel   course:     E.    E.    173-174. 

54— Design  of  Alternating-Current  Machinery.  2  hours  and  I  after- 
noon.    Professor  Slichter. 

The  application  of  alternating  current  theory  and  practical  data  to  the  calcula- 
tion and  design  of  alternators,  transformers,  induction  motors  and  other  alternat- 
ing current  apparatus.  Reference  books:  Arnold's  Wechsclstromtechnik ;  Thomp- 
son's Dynamo  Electric  Machinery,  Vol.  II,  and  McAllister's  Alternating  Current 
Motors. 

Pre-requisite:     E.    E.  52,   103  and   105   and   Mechanics   108.     Parallel   course: 
Mechanics  110  and  E.   E.  175-176. 

72 — Direct-Current  Laboratory.  1  hour  and  1  afternoon.  Messrs. 
Hehre,  Mason  and  Keller. 

Short  Course  for  students  in  Mining,  Metallurgical,  Civil,  Chemical  Engineering 
and  Chemistry.  The  experiments  cover  the  following:  Fall  of  Potential,  Resistance 
determinations,  Study  of  various  types  of  D.  C.  generators,  their  connections  and 
characteristics  of  operation.  Working  of  generators  in  parallel.  Study  of  various 
types  of  motors,  their  connections,  characteristics  of  operation  and  determination 
of  commercial  efficiency  by  brake  tests.  The  results  of  these  experiments  are 
handed  in  as  reports  which  are  returned  promptly  to  the  students,  with  comments 
and  corrections.  Text-book:  Morecroft  and  Hehre:  Short  Course  in  Electrical 
Testing. 

Pre-requisite:     Phys.  5,  43   or  44  and  E.   E.  2. 

73 — Direct-Current  Laboratory  Work,     i  afternoon.     Mr.  Hehre. 

Short  course   for  students  in  Mechanical  Engineering.      Same  as  72. 

Pre-requisite:    Phys.  5,  43  or  44  and  E.  E.  2  with  parallel  course  E.  E.  101. 
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75— Alternating-Current  Laboratory,  i  hour  and  i  afternoon.  Pro- 
fessor Morecroft  and  Messrs.  Hehre,  Mason  and  Keller. 

Short  course  for  Mining  and  Mechanical  Engineering  students.  The  experi- 
ments cover  the  following:  Study  of  Elementary  phenomena  of  alternating  current 
circuits,  with  determination  of  inductance,  capacity,  impedance,  true  watts,  appar- 
ent watts  and  power  factor.  Study  of  an  Alternator,  its  operation,  characteristic 
curves  and  wave  form.  Transformers:  Their  operation  and  commercial  efficiency. 
Induction  motors:  Characteristics  and  efficiency  by  brake  tests.  Synchronous 
motors,  their  operation  under  various  conditions  and  characteristic  curves.  Rotary 
converters,  operation  under  various  conditions  of  load  and  power  factor  (direct 
and  inverted).  Alternators  in  parallel,  division  of  load  and  conditions  for  maxi- 
mum economy.  The  student  is  required  to  prepare  a  report  upon  each  experiment 
which  is  promptly  corrected  and  returned  to  him  for  his  instruction.  Text-book- 
Morecroft  and   Hehre. — Short  Course  in  Electrical   Testing. 

Pre-requisite:    E.  E.  72  or  73  and  4  or  104. 

76— Alternating-Current  Laboratory.  1  hour  and  1  afternoon.  Pro- 
fessor Morecroft  and  Messrs.  Hehre,  Mason  and  Keller. 

Short  course  for  Civil  Engineers.     Same  as  75. 
Pre-requisite:   E.  E.   4  and  72  or   73. 

98— Thesis.  Original  investigation  of  and  report  on  some  problem 
of  Electrical  Engineering,  approved  of  by  the  head  of  the  department. 
Optional. 

101— Generator  and  Motor  Practice.  3  hours.  Professor  Slichter 
and  Mr.  Hehre. 

A  course  of  lectures  parallel  to  and  descriptive  of  D.  C.  laboratory  work.  Short 
circuits  and  protective  devices.  Instruments:  construction  and  use.  Armature- 
e.  m.  f.  current,  resistance  of,  voltage  drop  in,  windings  and  connections.  Com- 
mutator: function,  construction,  heating,  sparking,  collecting  brushes  and  holders 
Magnetic  circuit:  calculation  of  flux  and  field  windings.  Heating  of  field  and 
armature.  Characteristics  of  the  various  types  of  generators  and  methods  of 
regulation.  Motors,  theory  of  action  and  types.  Methods  of  control  and  speed 
regulation.  Losses  and  determination  of  efficiency  by  brake,  stray  power  and 
pumping  back  methods.  Text-books:  Crocker's  Electric  Lighting  Vol.  I 
Sever-Townsend  s  Laboratory  and  Factory  Tests  in  Electrical  Engineering.    ' 

Pre-requisite:    Fhys.  5  and  E.  E.  2. 


and 


103— Electric   Motors.     3  hours.     Professor  Arendt. 

„ /F?5  E-.E-)  Electric  motors,  their  action,  control  and  application.  Introductory 
Classification  of  work  requirements.  Shunt  Motors:  Characteristics,  predetermina 
ticn  of  action,  and  efficiency,  methods  of  speed  control  and  regulation,  rheostatic, 
held  weakening,  multiple  voltage,  double  armature  and  teaser  system.  Series 
Motors:  Connections,  predetermination  of  characteristics  and  efficiency  control 
rheostatic,  field  weakening,  double  armature  and  series  parallel.  Compound  motor 
characteristics  and  methods  of  control.  Alternating  current  motors  introductory 
Commutator  A  C.  motors,  series  and  repulsion  types,  characteristics  and  control 
Synchronous  Motors,  characteristics  and  control.  Induction  Motors,  single  and 
polyphase,  characteristics,  methods  of  starting,  speed  control  and  regulation  Elec 
trie  Drive,  advantages  of  and  application  to  machine  tools,  cranes,  elevators 
presses,  pumps,  fans,  wood  working  and  mill  work.  Text-book  Electric  Motors 
by   Crocker  and  Arendt. 

Pre-requisite:    E.   E.  104,  173  and  174.     Parallel  course:  E.   E.   175-176. 


103A— Electric  Motors.     2  hours.     Professor  Arendt. 

Electric    Motors,    their   action,    control   and    application.      103    abr: 
anical  Engineering  Students. 

Pre-requisite:    E.   E.  4  and  73.     Parallel  course:  E.   E.   75. 
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104— Electric  Distribution.   3  hours.     Professor  Slichter. 

Principles  and  methods  of  transmitting,  distributing  and  controlling  direct  and 
alternating  currents.  Introductory,  Physical  properties  of  conductors,  direct- 
current  series  and  parallel  systems  of  distribution,  feeders  and  mains,  voltage  regu- 
lation,    three-wire   systems,  high    voltage   direct-current  systems,   network  systems. 

Principles    of    alternating   currents,    study   of    wave   shapes,    inductance,    capacity, 

phase    angle,    effective    values    of    electromotive    force    and    current,    power    factor, 

tnce,   simple  circuits,  parallel  circuits,  line  inductance  and  distributed  capacity, 

calculation   of  single  phase  circuits.     Text-book:  Crocker's  Electric  Lighting,  Vol.  II. 

For   third   year    E.    E.   and    M.    E.    students. 

Pre-requisite:  Phys.  5  and  E.  E.  2. 

105— Alternating-Current  Engineering.  3  hours.  Professor 
Slichter. 

Electric  power  systems,  including  translating,  controlling  and  transmitting  equip- 
ments. Constant  potential  and  constant  current  transformers,  principles,  efficiency, 
regulation  and  protection.  Polyphase  systems  of  generation,  two  phase  and  three 
phase,  economy  of  generators,  of  transmission,  and  conversion  from  one  system  to 
another.  Calculation  of  alternating  current  transmission  lines,  regulation  of  volt- 
age and  power  factor  of  systems.  Switch-boards,  materials,  apparatus  used  upon, 
location  and  types.  Line  construction  and  protection,  pole  lines,  cable  and  conduit 
systems.     Text-book:      Steinmetz's  Electrical  Engineering. 

Pre-requisite:    E.   E.   101   and  104.     Parallel  course:    E.   E.  175-176. 

105A — Alternating-Current  Engineering.  2  hours.  Professor 
Slichter. 

105   abridged    for    Mechanical    Engineering    students. 

Pre-requisite:    E.  E.  4  and  101.     Parallel  course:    E.  E.  75. 

ic6 — Electric  Plants.  2  hours.  Professors  Slichter  and  Arendt 
and  special  lecturers. 

Management  of  electric  plants  and  industrial   enterprises.      Electric  illumination, 
methods    of   charging    for    electric    power,    operating  expenses,    sources    of   income, 
organization   and    administration    of    corporations,    reports,    specifications,    contracts, 
insurance   regulations,   patents   and  statistics. 
Pre-requisite:     E.  E.  104  and  105. 

108 — Plant  Inspection.    3  hours.    Professors  Slichter  and  Arendt. 

Pre-requisite:    E.   E.   104,  173-174.     Parallel  course:    E.   E.   105  and   106. 

109-110 — Telegraphy  and  Telephony,   i  hour.      Professor  Arendt. 

The  principal  methods  and  instruments  employed  in  telegraphy,  telephony  and 
electric  signalling.  Telegraphy:  Historical  review,  Morse  systems,  relays  and 
sounders,  earth  circuits,  station  equipments,  repeaters,  differential  and  polarized 
relays,  duplex  systems,  quadruplex  systems,  telegraphy  from  moving  bodies,  record- 
ing systems,  submarine  cables  and  telegraph  circuits.  Wireless  telegraphy:  Genera- 
tion of  electrical  waves,  simple  transmitting  and  receiving  apparatus.  Telephony: 
Historical  review,  Bell's  work,  the  magneto-telephone,  the  microphone  and  carbon 
transmitters,  use  of  induction  coils,  call  methods,  series  and  parallel  circuits,  sub- 
scriber's equipment,  line  disturbances,  common  battery  systems,  subscriber's  and 
exchange  equipment,  party  lines,  automatic  systems,  combined  telegraphy  and 
telephony.  Text-books:  Maver's  American  Telegraph  Practice  and  Miller's  Ameri- 
can Telephone  Practice. 

Pre-requisite:    E.  E.  104. 

112 — Electric  Railway.     2  hours.     Professor  Slichter. 

Special  instruction  in  calculation,  installation  and  operation  of  electric  railway 
systems.  Historical  review  and  early  development.  Train  resistances  due_  to 
tracks  and  bearing  surfaces,  curves,  grades,  and  air.  Acceleration  and  breaking. 
Speed  time  curves.  Motors  for  railway  work.  Controllers.  Distribution  systems, 
track  construction,  bonding  and  electrolysis.  Trucks,  wheels  andcar  bodies.  Con- 
duit, storage  battery  and  third  rail  systems.  Electric  locomotives  and  multiple 
unit  control.  Testing  railway  equipments.  Financial  considerations. 
Pre-requisite:   E.  E.    104  and  173-174. 
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1 12 A— Electric  Railway.     2  hours.     Professor  Slichter. 

112  abridged  for  Civil  Engineers. 

Pre-requisite:    E.   E.  4  and  72.     Parallel  course:   E.   E.   76. 

173-174— Direct-Current  Labratory.  6  hours  (2  afternoons). 
Messrs.  Hehre  and  Keller. 

1.  Practice  in  the  accurate  use  of  voltmeters  and  ammeters  for  the  measurement 
of  electromotive  force  and  current.  Determination  of  resistance  of  the  electrical 
circuits    of    electrical     machinery     bv     "dron."     mmmrlc™     o^     a;^~*     *Za"±:*' 


of    electrical     machinery     by     "drop,"     comparison     and    direct     deflecti 
ods      Use  of  Wheatstone  bridge  for  determination  of  high  — :-*--S.      %r 
Preliminary  study  to  brine:  out  relations  between  snPf 


rehminary  study  to  bring  out  relations  between  speed,  field  strength  and 
voltage.  Operation  of  shunt,  series  and  compound-wound  generators  with  deter- 
mination of  characteristic  action  of  each  type.  Distribution  of  potential  around 
commutator  and  distorting  effects  due  to  armature  reaction.  3.  Motors  Func- 
tion and  operation  of  starting  boxes,  study  of  motors,  existence  and  measure- 
ment of  ce.m.t.,  operation  of  shunt,  series,  compound  and  differentially  wound 
motors,  determination  of  speed-load  curves  of  each  type.  Efficiency  tests  by  brake 
and  prediction  methods.  4.  Operation  of  shunt  and  compound-wound  generators 
in  parallel,  methods  of  connecting,  distribution  of  load,  effects  of  individual  dif- 
ferences etc.  5.  Heat  runs,  to  determine  load  capacity  and  efficiency  of  genera- 
tors and  motors  by  pumping-back"  tests.  6.  Tests  on  constant  current  arc  gen- 
erators, series  boosters,  balancer  sets,  three-wire  machines,  series-parallel  control 
or  railway  motors,   etc 

Pre-requisite:    Phys.  5,  43  or  44  and   E.   E.  2.     Parallel  course:   E.    E.    101. 

175-176— Alternating-Current  Laboratory,     i   hour  lecture   and    6 

hours  laboratory  practice    (one  whole  day)   first  term,  I  hour  lecture 

and  6  hours  laboratory  practice   (2  afternoons)    second  term.     Profes- 
sor MORECROFT. 

1.  Alternating  current  circuits;  determination  of  inductance,  capacity,  impedance 
phase  relations,  true  and  apparent  watts  and  power  factor.  2.  Alternators;  opera- 
tion at  different  power  factors,  magnetization  curves,  determination  of  losses  and 
synchronous  impedance,  field  compounding,  etc.  3.  Alternators  in  Parallel:  di- 
vision of  load,  cross  currents  and  adjustment  of  excitation  for  maximum  economy. 
4.  Synchronous  Motors:  Methods  of  synchronizing,  efficiency,  action  under  varying 
conditions  of  load  and  field  current.  5.  Rotary  converters:  Methods  of  starting, 
operation  direct  and  inverted,  compounding,  determination  of  voltage  ratios  regu- 
lating pole  rotary  and  determination  of  efficiency.  6.  Transformers:  operation,  de- 
termination of  losses,  regulation,  heating  and  efficiency.  Use  as  induction  regu- 
lators and  phase  changers.  7.  Wave  Forms:  determination  of  wave  shapes  and 
phase  relations  of  electromotive-force  and  current  in  relative  and  non-relative  cir- 
cuits as  well  as  in  the  primary  and  secondary  circuits  of  transformers  by  instan- 
taneous contact  and  oscillograph  methods.  8.  Resonance:  by  means  of  inductance 
and  capacity  in  series,  by  inductance  and  leading  current  produced  by  synchronous 
motors,  with  application  to  transmission  lines  and  rotary  converter  regulation 
9.  Induction  Motors:  methods  of  starting,  characteristic  curves,  determination  of 
losses  and  efficiency  by  brake  tests,  application  of  circle  diagram  and  use  as  fre- 
quency changer.  10.  Induction  Generator:  operation  and  determination  of  the 
external  characteristic.  11.  Single-phase  commutator  motors,  comparison  of  opera- 
tion on  a.c.  and  d.c.  circuits;  predetermination  of  characteristics  by  diagram. 
1-.  Study  of  mercury  arc  rectifiers  with  curve  analysis  by  ondograph  and  oscillo- 
graph.    Text-book:  Morecroft's  Laboratory  Manual  for  Alternating  Currents. 

„P^er^?isit5:-!i  E-  104  and  173-174.    Parallel  courses:   E.  E.  103  and  105- 

Mech.   109  and  110. 

177— Instrument  Laboratory,    i  hour  and  2  afternoons.  Mr.  Mason. 

1.  Calibration  of  ammeters  by  comparison  with  laboratory  standards.  Kelvin 
balances,  Siemens'  dynamometers,  and  potentiometers.  2.  Calibration  of  volt- 
meters. 3.  Calibration,  adjustment  and  determination  of  constants  of  A.  C.  and 
D.  C.  watt-hour  meters,  by  various  methods.  4.  Determination  of  resistances:  by 
Wheatstone  bridge  and  potentiometer  methods.  5.  Measurements  of  Inductance 
and  capacity.^  a.  By  comparison  with  standards  using  A.  C.  bridge,  b.  By  abso- 
lute method,  including  determination  of  constants  of  ballistic  galvanometer.  6.  Mag- 
netic measurements.  Determination  of  coefficient  of  magnetic  leakage  of  generator 
or  motor.  Determination  of  the  permeability  of  samples  of  iron  and  steel,  a  Bv 
Hopkinson  s    method,      b.    By    Ewing    double    bridge   method,      c.   A.    C.    voltmeter 
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method.  d.  Direct  reading  voltmeter  method.  Determination  of  Hysteresis  by 
rlopkinson'e  Double  bridge.  \roltmeter  and  Ewing  tester  methods.  7.  Storage  Bat- 
tery Testing.  Determination  of  normal  rate  of  discharge,  capacity  and  efficiency 
nt  normal  rates,  capacity  at  various  rates.  Constant  current  and  constant  potential 
methods  of  charging,  weight  efficiency  and  losses  on  standing.  8.  Photometry. 
a.  1 'roving  gas  meters  and  determination  of  candle  power  of  gas  against  standard 
candles,  b.  Candle  power  incandescent  lamps  using  standard  candle,  c.  Distribu- 
tion of  light  from  an  incandescent  lamp,  using  secondary  standard,  d.  Determina- 
tion of  mean  spherical  and  mean  hemispherical  candle  power  of  an  incandescent 
lamp.  e.  Relations  between  voltage,  candle  power,  efficiency  and  life  of  incan- 
descent lamps.  Arc  lamp  photometry.  9.  Cable  Testing,  a.  To  determine  insula- 
tion resistance;  induction  and  capacity,  b.  To  determine  location  of  faults. 
Pre-requisite:    E.  E.    173-174. 

Graduate  Courses 
101,    104   and   173-174— Dynamo   and   Motor   Practice,   Electrical 
Distribution  and  D.  C.  Electrical  Laboratory.     3  hours  lecture  and 
6  hours   laboratory. 

Prerequisite:  Phys.  5,  43  or  44  and  E.  E.  2. 

175-176 — Alternating- Current  Laboratory.  With  Mechanics  109 
and  no.  5  hours  first  half-year,  4  hours  second  half-year  and  2  after- 
noons. 

Pre-requisite:    E.  E.  104,  173-174.  and  Mechanics  108. 

103,  105,  106,  175-176 — Electric  Motors,  Alternating  Current  Engi- 
neering and  Electric  Plants,  and  Electrical  Laboratory.     7  hours, 
2  afternoons  first  half-year;  3  hours,  2  afternoons  second  half-year. 
Pre-requisite:    E.  E.  104,  173-174. 

GEOLOGY 

4 — Petrography.  2  afternoons  two  months  of  the  second  half  third 
year.     Professor  Berkey. 

A   short   course  in   the   microscopic  study   of  rocks. 
Pre-requisite:    Mineralogy  6. 

5-6 — General  Geology.  3  hours  lectures,  second  year.  Professors 
Kemp,  Grabau  and  Berkey. 

First  half-year  physical  geology,  with  practical  work  in  the  rock  collections  under 
the  lithological  part  of  the  subject:  second  half-year,  stratigraphical  and  historical 
geology,  involving  laboratory  work  with  index  fossils  and  collections  illustrating  the 
geology  of  the  United  States.  Text-books:  Kemp's  Hand-book  of  Rocks;  Scott's 
Introduction  to  Geology. 

Pre-requisite:      Mineralogy   1-2. 

16 — Index  Fossils,  i  hour  lecture,  8  hours  laboratory,  second  term. 
Professor  Grabau  and  Mr.  Hintze. 

A  study  of  the  invertebrate  fossils  characteristic  of  the  various  geologic  horizons 
of  North  America. 

Pre-requisite:     Geology  5-6. 

1 8 — General  Geology.    Professor  Berkey. 

A  general  discussion  of  dynamical,  structural  and  historical  geology,  with  prac- 
tical work  in  the  rock  collections  and  assigned  field  work  on  Saturdays  during  the 
last  six  weeks.  Special  course  during  the  second  half-year  for  students  in  Civil 
Engineering  only. 

Pre-requisite:     Mineralogy  5. 
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20-Rocks  and  Soils.    2  hours  lectures  and  recitations,  second  term 
Professor  Berkey. 

51-Principles  of  Geology.  2  lectures  per  week.    Professors  Grabau 
and  Berkey. 

mariS^  a  discussion    of 

be  recognized  methods  of  presSvation^f C?rgiacb^mJSj  anTth/^?  "? 
geographic  and  geologic  distribution  of  organism*  Pr,v",'  a  rd  the  Principles  of 
book:   Grabau's  Principles  of  Stratigraphy  Principles  of  correlation.    Text- 

Pre-requisite:    Geology  6  and   18. 

52-Principles  of  Geology.  2  lectures  per  week,  second  term.     Pro- 
fessors Grabau  and  Berkey 


folds. 


Pre-requisite:     Geology  6  and    18 


ioi-Applied   Petrography.     2   hours    lectures    and    1    afternoon 
laboratory  work.     Professor  Berkey 

105-106-Economic    Geology.     3    hours   lectures   and   one   elective 
conference,  third  year.     Professor  Kemp. 

folWe^bJ^  and  formation   of  ore  bodies, 

mmsmmmmm 

notes  privately  printed.      ueposits   0}    the    Untted   ^ta^s   and   Canada,   and    lecture 
Pre-requisite:    Geology  5-6. 

107-108-Invertebrate  Palaeontology.    2  hours  lecture  and  4  hours 
or  more  laboratory.    Professor  Grabau  and  Mr.  Hintze. 

•hSKr8!/*?  °f  .th£   courfe,  deals   with   the   principles   of   palaeontology    methods   of 

been  Io^T^'tA^:  ffi8SUU?«A£T5  fiSLO^ft 

no— Geological  Examinations  and  Surveys.    2  hours,  second  half 
fourth  year.     Professor  Kemp 

Pre-requisite:    Geology  105-106. 

n2— Field  Geology.       All  the  officers  of  the  Department 
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201-202— Petrology.  2  hours  lectures  and  4  hours  laboratory,  fourth 
year.     Professors  Kemp  and  Berkey. 

A  discussion   of  the  origin    microscopic  structure,   and  mineralogical  composition 
of   the   crystalline   rocks,  and  of  metamorphism. 
Pre-requisite:     Geology  4. 

LAW 
Business  Law.   3  hours.    Professor  Kirchwey  and  Mr.  Whitaker. 

A  discussion  of  the  elementary  rules  of  law  governing  business  transactions, 
including  real  property,  contracts,  agency,  commercial  paper,  sales,  suretyship, 
bailments  torts,  partnership,  corporations.  The  rules  of  law  are  developed  and 
illustrated  by  examples  taken  from  the  law  reports,  and  dealing  with  situations 
such  as  engineers  have  in  fact  met  and  are  apt  to  meet  in  the  practice  of  their 
profession. 

MATHEMATICS 

1 — Algebra.  2  hours.  Professors  Fite,  Hawkes  and  Grove,  Mr. 
Siceloff,  Dr.  Reddick  and  Dr.  Lennes. 

Includes  such  topics  as  determinants,  complex  numbers,  the  theory  of  equations 
and  partial  fractions.     First  term. 

Pre-requisite:    Entrance  Mathematics. 

2— Algebra.   Professor  Hawkes  and  Mr.  Graves. 

Equivalent  of  1.     Second  term. 

3— Analytical  Geometry.  3  hours.  Professors  Fite  and  Hawkes, 
Mr.  Siceloff  and  Dr.  Lennes. 

Introduction    to    algebraic    geometry,    dealing    with    such    topics    as    co-ordinate 
systems,    transformations,    loci    and  their   equations,    the   straight    line,   circle,   para- 
bola,   ellipse,    hyperbola,    the    geometric   interpretation    of    the    general    equation    of 
second  degree,   and  the  elements  of  three-dimensional  geometry.     First  term. 
Pre-requisite:    Entrance  Mathematics. 

4 — Analytical  Geometry.  Mr.  Graves  and  Dr.  Reddick. 

Equivalent   of   3.     Second  term. 

64 — Calculus.  5  hours.  Professors  Mitchell  and  Fite,  Mr.  Sice- 
loff, Dr.  Reddick  and  Dr.  Lennes. 

An   introduction    constituting   with    65    (see   below)    one    course   in   the    calculus. 
Differentiation     of    algebraic    and    transcendental    functions,    with    applications    to 
geometry,   maxima  and  minima  and  mechanics.      Second  term. 
Pre-reauisite:  3  Cor  4). 

65 — Calculus.  5  hours.  Professors  Keyser,  Fiske,  Maclay, 
Mitchell,  Fite,  Dr.  Grove  and  Dr.  Reddick. 

Continuation  of  64.  Further  study  of  the  differential  calculus;  the  principles  of 
the  integral  calculus;  applications  to  geometry,  physics  and  mechanics.  First  term 
of  second  year. 

Pre-requisite:   3   (or   4),   and  64   (or  67). 

67 — Calculus.    Professor  Grove  and  Dr.  Lennes. 

Equivalent  of  64.     First  term. 

68 — Calculus.    Professor  Grove  and  Dr.  Lennes 

Equivalent   of   65.     Second   term. 
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MECHANICAL   ENGINEERING 

11-12— Steam  Power  Machinery.    3  hours,  with  1  afternoon  in  the 
second  half  year  only.     Professors  Lucke,  Pigott  and  Parr. 

TWcnCti°nS?rF°rmS  ^Principles  of  Operation  of  the  Typical  Steam  power  Plant 
^Hnl'^VXlhaVe1S  ^  Conne,ctmS  Elements-Methods  of  receiving,  ELand 
Songnf  aLC°al   han,dhnS  machinery,  grates,  stokers   and  furnaces   for  the  combus 

of  boiler  feed  water  in  feed  water  heaters  and  economizers.     Purification  of  boile? 

feed   water  and   effects  of   impure   water  on   the   boiler.      Boiler  strength   tests   and 

inspection  laws.     Boiler  explosions.     Steam  pipe  condensation  and   drafnag Steam 

tiaps,    separators,    steam   superheating   and   superheaters.      Condensing   operation    of 

steam   engines   by   jet    surface,    ejector   and  barometric    condensers.      Necessity   for 

TvnirSP£am    C'rc-u]atm^    h0t-wel     and    dry    vacuum    pumps    and    cooling     owers 

S        r      •      engines  and  the  variations  in   form  and  character  of  their  important 

parts.     Engine  valves  of  simple  and  complete   form,   relation   between   conSKctfon 

of  engine  .and   valve   gear  to   its  economy.      Special   valve  gears   f ox high ?  economv 

feriJ?SerT1Iig  and  f°r-  P°Wer  Contr-01-     Regulation  of  engines  and  enginf  governs' 

fi/n  "  bet7ee"  fngIne  con^ruction,   foundations,  vibrations  and  baEncina     Steam 

condidons.      ^^    ^^    plant    arran*ements    *>r    various    special    and Tstand lard 

Second   year   mechanical  and   third   year    chemical   engineering  students. 

Pre-requisite:     Physics   3-4.     - 

13-14— Steam  Power  Machinery.    3  hours.    Professors  Lucke  and 
Pigott. 

vt£*°%}  fco]Vrse.adaPted  f[om.  M.  E.  11-12.  Second  year  Civil  and  Electrical:  Third 
year  Metallurgical  and   Mining  Engineering.  ™"'      n    a 

Pre-requisite:     Physics   3-4. 

17-18— Engineering  Thermodynamics.    2  hours.     Professor  Lucke 
and  Mr.  Thurston. 

\\^aiWS  pfw-eat  feneration  by  Combustion,  Heat  Transfer  and  Transformation  into 
Fffecr^hl^nntiv^^^^^^5  ai]d  quantities  of  heat.  Units  of  heat. 
r?f\„J  ?■   ds'  !iql111.d.s'  gases  and   vapors.     Laws  of  heat  transfer.     Laws 

=„J.Vfa*VVap0ratl0n^  eb,ull,t.lon  and  condensation.  Properties  of  saturated  and 
rn£w£  d  V^P°rS-  Comburstlon  of  fuels,  calorific  power,  quantities  of  air  for 
combustion  Temperature  of  combustion.  Boiler  efficiency  and  conditions  affect- 
ing. Principles  of  chimney  draft.  Laws  of  expansion  and  compression  of  gases. 
Uoik  and  heat  diagrams  to  pressure  volumes  and  temperature  entropy  co-ordinates 
ii^f  vapor  compression.  Expansion  of  steam  by  hypothetic,  adiabatic  and 
saturation  laws  and  application  to  steam  engine  efficiency.  Missing  water  in 
fnfrtTl  ,?™S:.t  Infh,ence  of  cylinder  condensation,  re-evaporation,  steam  jackets, 
initial  superheat,  compounding  and  reheating  on  steam  engine  efficiency.  Relation 
Vr,A !  °cVfI  ♦  l"gIne  Perforniance.  Free  expansion  laws  and  application  to  injector 
and  steam  turbine  nozzles.  Heat  transformation  by  perfect  gases.  Hot  air  eas 
^mnn-  ^T  e?ciency- .A  Mechanical  .refrigeration/  Effects  of  evaporation  gof 
ammonia  and  carbonic  acid  and  expansion  of  air.  Heat  balances  and  combined 
einciency   ot   complex   systems. 

nJKS   year    Mechanical,    Electrical,    Civil    and    fourth    year    Chemical    Engi- 
neering;   Fourth   year   Mining   Engineering   for  first   term. 
Pre-requisites:    Mechanics  102;  M.  E.   11-12  cr  13-14. 

19-20— Engine    Design.      3    hours    and    2    afternoons.      Professor 
Rautenstrauch. 

,^K^'a"Cedi,M^chi-ne  Design  Based  on  the  Thermal  and  Mechanical  Problems  In- 
volved in  the  Design  of  a  Steam  Engine  for  Power,  Economy  and  Regulation- 
Determination  of  ideal  indicator  card,  probable  M.E.P.,  piston  speed,  R.P.M.,  and 
displacement  for  required  power,  selection  of  single  or  multiple  expansion  con- 
««« T-10n  trom,  economy  requirements,  limits  of  clearance,  cutoff,  release,  com- 
Pr"s-10n.  a"?  admission  for  type  of  valve  gear  selected.  Stresses  due  to  steam  and 
inertia  in  the  principal  parts.     Forms  and  proportions  of  the  parts  determined  by 
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intensity,  distribution  and  nature  of  the  stresses,  properties  of  the  materials  and 
conditions  affecting  maintenance.  Determination  of  proportions  of  engine  parts. 
Design  of  fly-wheels  for  limiting  variation  in  velocity  and  analysis  of  resulting 
angular  variation.  Balancing  the  engine.  Valve  gears  and  governors,  determina- 
tion of  the  proportions  of  the  valve  for  predetermined  steam  distribution,  analysis 
ot  valve  movements  and  moving  gear.  Graphic  representation  of  the  simultaneous 
events  of  valve  opening,  steam  velocities  and  piston  velocities.  Analysis  for  the 
effect  of  the  angularity  of  the  rod.  Equalizing  the  events  of  the  valve.  Analysis 
ot  the  characteristics  of  the  shifting  eccentrics  and  the  resultant  variations  in  the 
valve  events.  Layout  of  the  Corliss  valve  gear  with  single  and  double  eccentric, 
and  proportions  of  the  mechanism.  Steam  engine  governors,  flyball  and  shaft 
governors,  limits  of  movement,  valve  gear  resistance.     Proportions  of  the  governor. 

I'ourth    year    Mechanical    Engineering. 

Prerequisites:    M.  E.  39,  40,   11,   12,  17-18. 

2i— Gas  Power  Machinery.  4  hours  and  1  afternoon.  Professor 
Lucke  and  Mr.  Thurston. 

Theoretical  and  Practical  Consideration  Affecting  the  Generation  of  Power  by 
Gas  Engines,  Including  Oil  Vaporization,  Coal  Gasification  and  the  Design  of  the 
Machinery— Efficiency,  M.E.P.,  displacement  per  minute  per  I.H.P.  for  reference 
diagrams.  Limitations  of  external  and  internal  heating.  Methods  of  explosive  and 
n  on -explosive  internal  heating.  Properties  of  explosive  gas  mixtures,  air  necessary, 
calorific  power  per  cu.  ft.  of  mixture;  temperature  of  combustion,  heat  suppression, 
efficiency  of  combustion,  pressure  and  volume  effects,  limitations  of  proportions, 
temperature  of  ignition,  rate  of  propagation,  the  explosive  wave.  Critical  exami- 
nation of  modern  gas  engine  forms  and  functions  of  parts;  means  for  mixing  and 
proportioning,  pressure  regulators,  ignition;  governors,  effects  on  the  engine  and 
mechanism;  starting  equipment ;exhaust  piping  and  muffling;  effects  of  back  pressure 
in  the  engine;  cooling;  preignition,  effect  of  cooling  on  economy.  Large  blast 
furnace  practice,  methods  of  gas  cleaning;  blast  furnace  gas,  quality.  Large  engine 
construction,  and  forms  of  parts.  Producer  gas  practice;  standard  producer  for 
anthracite  and  bituminous  coal,  characteristics;  gas.  variation  in  quality,  effects 
on  the  engine;  methods  of  blasting  producers,  auxiliary  steam  supply  and  steam 
consumption;  efficiency  and  rate  of  combustion  in  producer;  scrubbers  and  tar 
extractors.  Carburetors  and  vaporizers  for  liquid  fuel;  petroleum  distillates,  crude 
oil  and  denatured  alcohol,  vapor  tension  curves  for  liquid  fuels.  Characteristics 
of  modern  forms  of  gasoline  and  oil  engines,  gas  power  plant  arrangements,  pro- 
ducer engines,  their  efficiency,  coal  consumption  and  comparison  with  steam  plants. 

Complete    analysis    of    the    rating,    efficiency,    regulation,    forces    acting    in    and 
strength    of    parts   of    a   modern   gas    engine.      Probable    indicator    card,    inertia    of 
reciprocating  parts,  wrist  pin  and  turning  effort  diagram.     Dimensions  of  all  parts. 
Fourth    year    Mechanical    Engineering. 
Pre-requisite :    M.  E.  19,  33. 

25-26 — Steam  Power.  2  hours  and  1  afternoon  first  term  and  2  hours 
and  2  afternoons  second  term.     Professor  Pigott. 

Relation  Between  the  Cost  of  Power  and  Thermal  Efficiency  of  the  Plant. 
Commercial  Value  of  Refinements — Determination  of  engine  and  boiler  ratings  and 
corresponding  efficiencies  and  probable  coal  and  water  consumption  for  plant  on 
given  load  curve.  Essential  relation  between  processes  and  dimensions  of  the 
steam  plant.  Steam  plant  refinements  for  raising  efficiency  of  part  or  complete 
plant  and  relations  between  dimensions  and  effect.  #  Use  of  unit  costs  of  apparatus 
in  estimating,  examination  of  cost  sheets  to  determine  prime  unit  of  cost.  Cost  of 
power.  Fixed  and  operating  charges,  ratio  of  each  individual  item  to  total  and 
effect  of  labor  and  fuel  rates,  load  factor  and  refinements  on  the  fractional  part. 
Value  of  refinements  of  design  on  basis#  of  capitalized  annual  saving  by  comparing 
the  cost  of  waste  and  the  cost  of  its  elimination,  including  all  charges.  Specifica- 
tions and  contracts;  standard  and  special  methods  and  forms  for  defining  pur- 
chaser's requirements  and  builder's  proposals,  contracts,  methods  of  power  plant 
erection.      Designing  and   erecting  office  organization    and   field  systems. 

The  work  consists  in  laying  out  a  simple  power  plant  for  assigned  units  in  the 
drafting  room  or  the  detailing  of  existing  general  plant  drawings,  preparation  of 
the  bill  of  materials,  estimating  the  first  cost,  fixed  charges,  probable  coal,  water, 
labor  and  supply  cost  for  an  assumed  load  curve  and  total  power  cost.  The  plants 
so  designed  or  detailed  are  exchanged  by  students  and  redesigned  for  an  increase 
of  100  per  cent,  peak  and  50  per  cent,  mean  daily  load  and  for  the  maximum 
power  cost  reduction  by  the  use  of  plant  refinements  and  auxiliaries  when  it  can 
be  shown  that  additions  and  alterations  will  pay.  Specifications  are  written  for 
the  alteration  and  proposals  submitted. 

Fourth    year    Mechanical    Engineering. 
Pre-requisite:    M.  E.  96S. 
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31-32-Standard  Tests  and  Research  Methods.    1  hour  and  1  after 
noon.     Professor  Parr. 

machines  with  computed  prediction  and  evalnS ?  if       Z         tUa.'    P"fo™"nce    of 

Third  year  Mechanical   Engineering. 
andrMrSiS:i05:  *  "^     C°UrSeS  which  are  ParalIel  *>  *    M.  E.  17-18 

33-Standard    Tests    and    Research    Methods     (Continuation    of 
Course  31-32).     2  hours  and  1  afternoon.     Professor  Parr. 

more^iffiwlfLmouSSn^^^6  S3me  &&*•  as  31"32'  but  the  Problems  involve 
^•fthipnl.    «    compu.tat 'pns  and  more  skilful  manipulation  of  the  apparatus     These 

accldemal  InL^'anT?  J  ,c?ncerneJ    with    f^erg/  transformation.^necessary    and 
rnn  nm,nJ  1„3  ♦  '  i  determination  of  the  conditions  affecting  performance  of 

compound  and  triple  expansion  steam  engines  and  pumps,  operating  condensing  and 
;oSnt'T  Wlth/^  W,th°Ut  recei™«,  with  and  without  rehefters      HydfauHc 

SS5££3  ^-"5S&33&  is  a,so  *™  »  thf  SSSSalS 

Fourth    year    Mechanical    Engineering. 

Pre-requisites:    M.   E.  31-32;   M.    E.  96S;   M.  E.  17-18. 

35-36— Kinematics  of  Machinery.    1  afternoon.    Professor  Thomas. 

theDMor^niatPprt,°fnfFMthSm?f  Mot.io">  Velocity,.  Acceleration  and  Kinetic  Forces  of 
R.lof.v  g.-  tS  °/  Mac*}mes  with  the  Resulting  Reaction  Forces  of  the  Frame- 
Relative  motions  of  machine  parts  and  the  determination  of  the  rates  of  motion 
Determination  of  space,  velocity  and  acceleration  diagrams  with  application  to  the 
;&amSnSforSSheaPde^ran-  °^T  t^  m/chanisms-  Conduction  aid usVof 
e  emetJ  of  a  nchin  T'T  °*  infertl\.ior^s  and  their  distribution  in  each 
™fth  c«J?;  1  machine.  The  layout  of  motions  to  specifications.  Design  of  cams 
with   special   reference  to   the   rate  of  change  of  velocity   of  the   movinf  parts   and 

Sm  a„dfoniUe?tiaAS[C^'  T*1?"8"  ?  n?°t?0n  and  the  continuous8  contact  of 
t3^3  11  rT  A,nal/S1S  °-fJink  York'  ^lative  motions,  inversions,  adaptability 
L  L  °nPl;Shmet-t  °f  SrPe,C?fi^  kmds  and  limits  of  motion.  Eccentrics  and  1  nks 
rint  i  transformation  of  kinds  of  motion;  ratchet  motion;  running  ratchets 
MndiLat?  c°uphng  .mechanisms,  connecting  shafts  in  parallel  and  at8 an  angle! 
Modification  to  permit  of  non-alignment.  Toothed  gearings.  Justification  of  the 
too^formsd,ndV?lUtef1?,rVe-S  V?  ^  aPPlication  to  gea?  teeth.  The  layout  of 
Ion  h  fnZt  h  V^  d,ei?rminfutIOi1  °l  the  Yelo^ty  ratios.  Layout  of  bevel  gear 
the  lavou^of  iJr^?  d  S  r??h°d--  Approximate  methods  and  practical  rules  for 
SiJhyn?t,  rtg  ?  f* fk  Determination  of  paths  of  contact,  obliquity  of  motion, 
nrSlnnc  '   interferences  in  involute  gearing.      Determination   of  the   necessary 

S£tonnf  niterchangeabihty  in  sets  of  cycloidal   and   involute   gears  and    com 

tossed  hLl  xTl^  fWT  gearS-J  Kinerna.tics  of  belt  drive.  Open  and 
dr?v«  ,„  ■  ,Lay9ut  of  belt  drives  and  rope  drives,  sprocket  wheels  and  chain 
Ec/u-«/ry— Durfe1181"8  devlCeS   USmg  wraPPing  connections.      Text:   Kinematics   of 

Second  year  Mechanical  and  third  year   Electrical  Engineering. 

Pre-requisites  are  Math.  3-4  35  must  parallel  59,   59   Pre-requisite  for  36. 
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37— Machine  Design.     1   hour,   2  afternoons,   first  half-year.     Pro- 
fessor Rautenstrauch. 

Adapted  from  M.E.  39-40. 

Fourth  year    Chemical    Engineers. 
Pre-requisite:    Drafting  7. 

39-40— Machine    Design.     3    hours,    1    afternoon,    first    half-year, 
3  afternoons,  second  half  year.     Professor  Rautenstrauch. 

Analysis   of  stress   in  machine  parts  of  standard  form   under  varying  conditions 
pf   service  and   the  proportions  of   the  machine  elements   to  safely  resist   the  result 


materials  for  machine  parts  based  on  their  adaptability  to  the  service  and 
1  i.?  Processes  by  which  the  part  must  be  made.  Determination  of  the 
piopoit.ons  of  machine  parts  subjected  to  tension,  compression,  and  shear:  bend 
ing  and  torsion;  combined  bending  and  tension,  bending  and  torsion,  torsion  and 
compression  buckling  action,  and  stresses  due  to  eccentric  loading  and  complex 
supports.  Illustrated  in  the  design  of  crank  shafts,  machine  frames8  housings  and 
connecting  rods  Gear  wheels,  pulleys  flywheels,  springs,  riveted  joints,  thin  and 
thick  cylinders  braces,  and  stays,  flat  plate  members,  pressure  joints,  screws  belt 
ing,  rope  and  chain  drives  for  power  transmission.  Bearing  surfaces,  flat,  cy  indri- 
cal,  pivot  ball,  roller  thrust.  Application  of  theory  of  elasticity  to  the  more 
complicated  elements.  Grouping  of  machine  elements  into  machines  for  functional 
°^a  a\  er-C°-,T'  a/Justment>  maintenance  and  repair  and  modifications  de- 
manded by  facilities  for  manufacture.  Design  of  machines  to  specification,  with 
particular    reference   to   modern    requirements.     Text:    Spooner's   Machine    Design. 

Third  year   Mechanical   Engineers. 

Pre-requisites:  M.   E.  35-36.      Must  parallel  C.   E.   53. 

41— Machine  Design.    1  hour  and  1  afternoon.     Professor  Thomas. 

A  short  course  adapted  from  M.  E.  39-40. 

Fourth  year  Civil  and  third  year  Electrical  Engineering 
Pre-requisites:    C.  E.  53  for  C.  E.     Must  parallel   C.   E.  53   for  E.   E. 

45  or  46 — Water  Power  Machinery.    3  hours.     Mr.  Herrick. 

Principles  of  Design  and  Economy  of  Operation  of  Turbine  Wheels  and  Water 
fower  Plants— Action  of  water  on  curved  vanes,  forces  developed  and  effect  of 
impact,  work  done;  centrifugal  action.  Theory  of  reaction  turbines.  Vane  form 
and  arrangement;  total  work  done  for  axial,  radial  and  mixed  flow  wheels;  depend- 
ence of  velocity  of  flow  on  speed  of  rotation;  losses  of  energy  due  to  friction  in 
guide  passages,  wheel  buckets  and  sluice,  shock,  leakage,  residual  velocity.  Design 
oi  reaction  turbines;  relation  between  pressure  and  velocity  of  flow;  methods  of 
determining  passage  areas;  radii  of  wheels,  width  and  depth  of  buckets,  number 
and  thickness  of  vanes.  Axial  turbines,  characteristics,  forms  and  dimensions 
Impulse  turbines;  essential  principles  and  theory,  advantages,  ventilation  of  bucket' 
velocity  of  flow,  available  energy,  efficiency.  Axial  impulse  turbines,  character- 
istics, forms  and  dimensions.  Centrifugal  action  in  axial  flow,  reaction  and 
impulse  turbines.  Radial  impulse  turbines,  inward  and  outward  flow;  forms  char- 
acteristics and  dimensions.  Descriptions  of  and  experiments  with  turbines  of 
various  types.  Existing  water  power  plants.  Modern  governors  for  turbines;  ideal 
action  of  direct  acting  governor  and  disturbing  influences;  essential  principle  of 
indirect  acting  governor;   factors  affecting  regulation. 

_  Fourth  year  Mechanical  Engineering  (45)  and  fourth  year  Civil  Engineer- 
ing (46).  Pre-requisites:  For  Mechanical  Engineering:  M.  E.  36  M  E 
33,  C.  E.  78;  for  Civil  Engineers,  M.  E.  77,  M.  E.  78,  C.  E.  75. 

50  or  53 — Steam  Turbines.    3  hours.    Professor  Pigott. 

Fundamental  Analysis  of  the  Action  of  Steam  Jets  and  Vanes  and  Its  Applica- 
tion to  the  Design  and  Performance  of  Steam  Turbines— Ratio  of  impulse  to  re- 
active force  jets,  effect  of  variation  of  curvature  of  the  buckets,  open  and  closed 
passages.  Flow  of  steam  through  nozzles  and  turbine  passages,  volume,  pressure 
temperature,    quality,    weight,    velocity   and    kinetic   energy   relations.      Centrifugal 
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effect  of  steam  moving  in  a  curved  path.  Study  of  the  use  of  steam  in  varying 
types  of  turbines.  Graded  pressure  turbines,  graded  velocity  turbines,  mixed 
impulse  and  reaction  turbines.  Practical  turbines  belonging  to  these  types,  and 
study  of  their  detailed  construction.  Efficiency  of  different  types  studied  by  an- 
alysis of  energy  transformation  throughout  the  path  of  steam  and  how  efficiency 
is  varied  by  design  of  blades,  passages,  nozzles,  number  of  stages,  speed,  clearance 
leakage  and  mode  of  regulation.  Construction  of  turbine  vanes.  Disc  and  vane 
friction  and  critical  speed.  Governing  steam  turbines,  throttling  method  variable 
admission  to  one  or  more  stages  and  periodic  admission.  Steam  consumption  of 
turbines.      Book   used:   The  Steam    Turbine — Stodola. 

Fourth    year   Mechanical    (50)    and    Electrical    Engineering    (53) 
Pre-requisites:      For     Mechanical     Engineers,     M.     E.     17-18      M.     E     31-32  ■ 
for   Electrical  Engineers,    M.   E.   17-18,   M.    E.   76. 

52— Organization  and  Management.     3  hours.    Professor  Rauten- 

STRAUCH. 

Manufacturing  Organizations  and  Methods  of  Cost  Accounting— Effect  of 
methods  of  manufacture  and  capacity  on  systems  of  management  of  mills  and 
factories.  Analysis  of  the  elements  of  factory  accounting  and  determination  of 
the  factors  entering  into  the  cost  of  production.  Methods  for  keeping  record  of 
the  cost  of  labor  and  materials  in  the  production  of  specific  articles.  The  deter- 
mination of  establishment  charges.  Interpretation  of  costs  and  use  of  comparative 
values.  Determination  of  costs  and  use  of  comparative  values.  Determination  of 
the  depreciation  of  buildings,  machinery,  patterns,  drawings  and  other  assets.  Or- 
ganization and  functions  of  the  departments  of  the  business.  Purchase  of  raw 
material  and  sale  of  product.  Utilization  of  scrap  and  waste.  Methods  of  labor 
compensation.  Critical  analysis  of  the  methods  of  accounting  in  representative 
factories.  Factors  affecting  the  cost  of  production.  Layout  of  complete  system  of 
organization,  forms,  methods  of  accounting  and  progress  of  work  for  the  factory 
designed  in  course  M.   E.   68,   Manufacturing  Plant  Design. 

Fourth  year  Mechanical  and   Chemical  Engineering. 

Pre-requisites  must  parallel   M.   E.   68  for   M.   E.'s. 

54— Shop  Processes,  Tools  and  Time  Study.    2  hours.   Mr.  Halsey. 

The  Economic  Elements  in  Shop  Processes,  Time  and  Power  per  Unit  of  Sur- 
face Finished  or  Cut  and  per  Unit  of  Metal  Removed  with  the  Conditions  for 
Most  Economic  Production — Processes  in  the  shop,  functional  operation  of  machine 
tools  and  limits  of  economic  production,  time  of  setting,  handling,  forming  and 
finishing  of  parts  for  job  and  repetition  work  in  quantity.  Limits  of  time,  power 
and  cost  for  finishing  surfaces  per  sq.  in.  and  removing  per  cu.  in.  and  per  lb.  by 
hand  and  machine  operatiors.  Machines  for  performing  specific  operations,  their 
functional  operation,  capacities,  adaptability  and  rate  of  production.  Conditions 
warranting  jigs  and  fixtures  for  the  production  of  parts  in  quantity  and  for  inter- 
changeability.  Economy  of  portable  tools,  devices  and  methods  of  inspection.  The 
selection  of  economic  cutting  conditions  and  analysis  of  recent  experiments. 
Adaptation  of  economic  cutting  speeds  to  machine  tools.  Labor-saving  devices  in 
the  pattern  shop,  tools  and  appliances  used,  capacity  and  adaptability;  built-up 
patterns,  single-piece  patterns,  metal  patterns,  comparative  cost  and  life  of  each; 
patterns  for  repetition  work,  rights  and  lefts,  a  line  of  sizes,  interchangeable  pat- 
terns, jobbing  patterns,  relative  economy  of  alternating  practice.  Economic  pro- 
duction in  the  foundry,  relative  value  of  various  methods  of  molding  large  and 
small  parts,  core  making,  venting,  pouring  and  handling  the  work,  managing  the 
cupola.  Limits  of  labor,  power  and  fuel  per  ton  of  castings  as  affected  by  size 
and  form  and  fraction  chargeable  to  pattern,  molding  and  cupola  and  finishing. 
Processes  of  forging,  hand  and  machine,  conditions  warranting  power  hammers, 
hydraulic  presses,  bull-dozers,  presses,  dies  and  forming  devices  for  the  production 
of  duplicate  and  standard  pieces.  Labor  and  power  per  lb.  of  forging  as  affected 
by  tools,  size  and  form  of  work.  Heating  and  annealing  furnaces,  consumption  of 
gas  and  oil,  labor,  power  and  fuel  per  unit  annealed.  Distribution  of  cost  of 
machine  production  between  different  processes,  power,  labor,  material  and  effect 
of  shop  or  tool  capacity  factor  on  fixed  charges. 

Third   year   Mechanical   Engineering. 

Pre-requisites  are  M.  E.  94S,  T.  C.  Shopwork  and  M.  S.  39. 

56— Water  Power  Installations.     1  hour.     Mr.  Herrick. 

Selection  and  Arrangement  of  Water  Wheels,  Governors  and  Auxiliary  Appli- 
ances for  Different  Local  Conditions,  Efficiency  of  Wheels  and  Plants— ^Character- 
istic of  water  flow  through  turbine  guides,  nozzles  and  buckets,  conditions  war- 
ranting wheel  classification,  efficiency  of  wheels  as  a  function  of  type,  head,  speed 
and   part   gate  operation,   effects  of  different   forms  of  gate   on  efficiency,    relative 
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value  of  standard  patterns  and  special  designs  to  suit  local  conditions,  limits  of 
standard  dynamo  speeds  on  wheel  speeds.  Water  wheel  governors  regulation. 
Available  head  at  wheels  and  division  of  total  loss  throughout  water  conductor 
system,  relation  between  available  water  supply,  possible  output  and  perfection  of 
development  work;  draft  tubes,  stop  valves,  gates,  vacuum  and  pressure  relief 
stand  pipes,  relief  valves  and  bye-passes,  water  racks,  anchor  and  frazil  ice. 
Analysis  of  typical  installations.  Water  power  costs.  Text:  Water  Power  Engi- 
neering— Mead. 

Fourth   year    Electrical   Engineering. 

Fre-requisites:     C.    E.    77.      Farallel   course:     M.    E.    60. 

59 — Empiric  Design.    2  hours  and  1  afternoon.    Professor  Thomas. 

Proportioning  of  Machine  Parts  by  Empiric  Methods  and  the  Production  of 
Shop  Drawings  and  Sketches — Modern  practice  in  making,  recording  and  filing 
shop  drawings  of  machine  details  and  assemblies,  bills  of  material  and  listing  of 
standard  and  special  parts.  Use  of  standard  conventions  and  interpretation  of 
shop  notes  on  drawings.  Shop  sketches  and  dimensions.  Forms  of  machine  parts 
as  indicated  by  the  nature  of  the  resistances  to  be  overcome  and  the  characteristics 
of  the  material.  Plain,  box,  and  ribbed  cast  sections,  shrinkage  stresses  and  the 
probability  of  local  weaknesses.  Proportions  of  parts  by  modern  empirical  formulas 
derived  from  practical  considerations.  Limiting  conditions  in  the  use  of  empirical 
formulas.  Modern  practice  in  the  proportioning  of  machine  elements.  Propor- 
tions of  parts  adopted  by  the  Master  Car  Builders'  Association,  Master  Steam 
Boiler  Makers'  Association,  United  States  Government,  numerous  manufacturing 
concerns  and  data  appearing  in  the  transactions  of  the  various  engineering  societies 
and  engineering  publications.  Design  of  simple  castings  from  assigned  data,  dies 
for  forming  simple  parts  in  a  bull-dozer  and  the  frames  and  parts  of  simple 
machines  having  given  the  detailed  drawing  of  the  other  parts  necessary  to  the 
determination  of  the  principal  dimensions. 

Second  year  Mechanical   Engineering  and  third  year    Chemical    Engineering. 

Pre-requisites:     Drafting   1    or  2. 

60 — Hydraulic  Laboratory,     i   afternoon.     Mr.  Herrick. 

Practical  Work  on  the  Flowing  of  Water  for  the  Determination  of  Rational 
Coefficients  with  Ordinary  and  Extraordinary  Conditions — Flow  through  simple 
holes  in  plate  and  short  tubes  under  low  heads.  Flow  through  convergent  nozzles 
and  needle  orifice.  Flow  through  straight  pipe,  elbows  and  joints,  distribution 
across  the  cross  section  near  bends  with  velocity.  Flow  over  weirs.  Variation  of 
rectangular,  trapezoidal  and  triangular,  sharp  versus  dull  edge,  approach  contrac- 
tions, one  side,  both  sides  and  bottom.  Hook  gauge  measurements.  Measurement 
of  quantity  flowing  by  Yenturi  tube  and  Pitot  tube.  Variation  of  error  with  type, 
pressure  drop,  and  size.  Loss  of  heads  by  sudden  enlargement  in  cross  section  in 
pipes  running  full.  Inertia  and  water  shock.  Water  wheels.  Variation  of  efficiency 
with  speed  and  head,  analysis  of  losses  in  nozzles,  bucket  and  friction.  Efficiency 
of  the  Hydraulic  Ram  Test  for  reliability  on  commercial  water  meters.  Text: 
Lecture  Notes. 

Fourth  year  Electrical   Engineering  and  third  year  Mechanical   Engineering. 

Parallel    course:     For    Mechanical    Engineering   students,    C.    E.    78. 

Pre-reqviisite   for    Electrical   Engineering   students:     C.   E.    77. 

63 — Hydraulic  Laboratory.     1  afternoon.     Mr.  Herrick. 

Same  as  M.  E.  60.      Fourth  year  Civil  Engineering. 
Parallel:    Hydraulics,   C.    E.   75. 

64 — Air  Machinery.    2  hours.    Mr.  Longacre. 

Structures,  Adaptability  and  Economy  of  Fans,  Air,  Gas  and  Vapor  Compressors, 
Blowing  Engines,  Jet  Blast  Apparatus  and  Important  Applications— Convection 
movement  of  air;  flow  of  air  through  orifices,  ducts,  pipes.  Hygrometric  conditions 
of  air  with  temperature  and  pressure  and  condensation  of  moisture  in  compressed 
air.  Air  compressors,  types  and  construction;  work  of  compression,  M.E.P.  for 
single  and  multi  stage,  cylinder  ratios,  effects  of  intercooling.  Volumetric  efficiency 
of  compressors,  real  and  apparent.  Discharge  pipe  pressure  pulsations,  air  receiv- 
ers, intercooling  receivers.  Air  end  valves,  poppet,  slide,  Corliss  and  ring  valves, 
suction  and  delivery,  differences  in  type  and  diameter  and  lift.  Steam  end  valve 
gears  and  cylinder  arrangement.  Constant  and  variable  speed  compressor  yalve 
gear  characteristics,  pressure  and  speed  controllers  and  governors.  Analysis  of 
complete  compressor  economy  tests.  Dry  vacuum  air  pumps.  Blowing  engines, 
special  forms  and  sizes  of  air  end  valves  introduced  by  cylinders  of  large 
diameters  for  low  pressure  air.  Ammonia  and  carbonic  acid  compressors;  peculi- 
arities  and   methods   of  handling   liquid    in    the   vapor;    forms    and   characteristics. 


o6  MINES,  ENGINEERING  AND  CHEMISTRY 

Multi-stage  centrifugal  fans  and  service.  Analysis  of  efficiency  tests  for  fans  and 
blowers.  Positive  blowers.  Steam  jet  blowers  and  exhausters,  thermal  efficiency 
Application  of  principles  to  ventilation  and  heating,  blast  furnace  practice,  com- 
pressed air  and  compressed  gas  power  transmission  systems,  air  lift  pumps  and 
air  brakes.  ^ 

Third  year  Mechanical   Engineering. 

Pre-requisite:    M.   E.   17. 

66 — Elevators  and  Conveyors,    i  hour.    Mr.  Moss. 

Mechanical  Handling  of  Solid  Materials  by  Standard  Elevating  and  Conveying 
Machinery,  Characteristics,  Speed,  Tonnage  and  H.P.  per  Ton,  Computations  and 
Adaptability  to  Special  Service— Hand  handling  of  materials,  limits,  cost  and  con- 
ditions warranting  use  of  machinery.  Continuous  conveyors,  screw,  bucket,  scrap- 
ers, pusher,  belt  and  pneumatic  types.  Intermittent  conveyors;  telephers,  rope 
and  cable  ways,  cable  cars.  Loaders,  un loaders,  storage  facilities.  Skips,  grab 
buckets,  tips  and  tipples.  Short  and  long  hoists,  friction  drum  hoists  and  direct 
connected.  Pneumatic  and  hydraulic  elevators  for  freight.  Fixed  and  travelling 
cranes.  Passenger  elevators,  rope  and  plunger  types.  Safety  devices.  Automatic 
weighers  of  materials;  coal  and  ore  storage  systems.  Excavating  machine  and 
dredges.  Coal  and  ore-handling  machinery.  Railroad  terminal  and  steamship 
loaders  and  unloaders.  Coke  oven  chargers  and  dischargers.  Grain  handling. 
Special  adaptation  to  material,  such  as  sand,  plaster,  glass,  cement,  broken  rock, 
coal,  coke,  packages,  barrels,  corrosive,  erosive,  sticky,  packing,  and  hDt  materials. 

Third  year  Mechanical   Engineering. 

Pre-requisite:    M.  E.  39. 

70 — Pumping  Machinery.    2  hours.     Mr.  Nickel. 

The  Mechanics  of  Moving  Liquids  and  Standard  Machinery  for  Pumping — Water 
elevators,  conditions  for  high  efficiency  and  limits  of  use.  Displacement,  piston 
and  plunger  pumps;  forms  and  functions  of  water  pistons  and  plungers,  pump 
bucket  forms  and  limits  of  use,  volumetric  efficiency  of  water  ends.  Valves  for 
water  end,  mechanical,  flap,  poppet,  ball,  annular,  flat,  double  beat  type  and  rela- 
tion, adaptability  to  fluid,  speed  and  temperature;  forms  of  valve  seats,  conditions 
for  perfect  flow,  piston  speed  and  water  inertia.  Air  chambers.  Suction  limita- 
tions of  altitude,  water  temperature  and  absorbed  gases  and  acceleration.  Peculiari- 
ties of  high  pressure  work,  accumulators.  Fly-wheel  pumps,  steam  end  character- 
istics, relation  between  steam  and  water  diameters  and  displacements.  Direct  act- 
ing pumps,  valve  motion  in  single  types,  full  and  partial  steam  throw  valves  for 
simple,  compound  and  triple  use  of  steam.  Duplex  direct  acting  pumps,  structural 
and  operating  characteristics.  Economy  of  direct  acting  simple  and  multiple  ex- 
pansion pumps.  Centrifugal  and  turbine  pumps,  forms  and  operative  character- 
istics. High  duty  pumping  engines,  conditions  for  maximum  duty  referred  to 
steam  and  coal;  pumping  engine  tests,  methods  of  conducting  and  analysis  of 
results  obtained.  Typical  pumping  engine  installations.  Pulsometer  pumps.  Jet 
apparatus,  injectors,  ejectors  and  eductors,  construction  and  duty  as  pumps. 
VVater  relief  valves,  pressure  and  float  pump  governors.  Text:  Pumping  Ma- 
chinery,  Greene. 

Third  year  Mechanical  Engineering. 

Pre-requisite:     M.   E.  17.     Parallel   C.   E.  78. 

72 — Gas  Power  Machinery.  2  hours  and  1  afternoon.  Professor 
Lucke  and  Mr.  Thurston. 

Short  course  adapted  from  M.  E.   22. 

Fourth    year    Electrical    and    Metallurgical   Engineering. 
Pre-requisite:     M.    E.    17-18. 

74 — Gas  Power  Machinery.    2  hours.    Professor  Lucke. 

Same  as  72   except  for  the   laboratory  time. 
Fourth  year  Mining  Engineering. 
Pre-requisite:     M.    E.    17-18. 

76 — Standard  Tests.  1  hour  and  1  afternoon.  Professor  Parr  and 
Mr.  Herrick. 

Short  course  adapted  from  M.  E.  31,  32,  33. 

Third  year  Metallurgical,   fourth  year  Chemical,  and  third  year  Mining. 
Pre-requisite    for    Mining,    Chemical   and    Metallurgical:      M.    E.    13-14   and 
M.  E.  17. 
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77— Standard  Tests,     i  hour  and  i  afternoon.     Professor  Parr  and 
Mr.  Herrick. 

Short  course  adapted   from   M.  E.   31,  32,  33. 

Third  year  Civil,  fourth  year  Chemical  and  fourth  year  Electrical  Engineer- 
ing. Pre-requisite  for  Civil  and  Chemical  Engineers:  M.  E.  13-14  and  M  E  17- 
for   Electrical    Engineers,   M.    E.    17-18. 


78 — Kinematics,     i  afternoon.    Professor  Thomas. 

Short  course  adopted  from  M.  E.  36. 

Third    year   Civil    Engineering.      Pre-requisite:    Math.   3-4. 


8o — Experimental  Mechanical  Laboratory,  i  hour  and  i  after- 
noon.   Professor  Parr. 

Laboratory  methods  for  the  determination  of  experimental  data  and  instruction 
in  the  operation  of  standard  machinery.  Standardization  of  pressure  gauges,  vac- 
uum gauges,  draft  gauges,  thermometers,  pyrometers  and  steam  engine  indicators. 
Methods  of  measuring  brake  and  indicated  horsepower  illustrated  by  the  determi- 
nation of  mechanical  efficiency  of  a  steam  engine.  Correct  methods  for  starting, 
stopping  and  operating  steam  engines,  steam  pumps,  air  compressors,  fans  and 
internal  combustion  engines.  Valve  setting  on  steam  engines  and  direct  acting 
pumps.  Variation  of  steam  consumption  with  load  in  a  simple  steam  engine. 
\  anation  of  horsepower  to  compress  one  thousand  cubic  feet  of  free  air  per 
minute  with  discharge  air  pressure.  Variation  of  steam  consumption  of  a  direct 
acting  pump  with  pumping  head.  Variation  of  gas  engine  and  oil  engine  economy 
with  load.  Measurement  of  water  flow  by  means  of  weirs,  venturi  meters,  pitot 
tubes,  orifices,  recording  water  meters  of  various  type  and  weighing  tanks,  and 
the  determination  of  the  limits  of  usefulness  and  accuracy  of  each  method.  Texts: 
Power  Plant    Testing,    Moyer;    Lecture   Notes. 

Third  year  Mining  Engineering. 

Pre-requisite:    M.  E.   13.     Parallel  course:    M.  E.   14. 

82— Heating  and  Ventilation.     3  hours.     Mr.  Ohmes. 

Principles  of  Heat  Generation  Transfer  and  Air  Movement  Applied  to  Warming 
and  Ventilation  of  Buildings — Quantities  of  air  needed  for  proper  ventilation, 
amount  of  heat  necessary  to  maintain  temperatures  against  conduction,  radiation 
and  air  change  losses.  Heating  surface  and  coefficients  of  heat  transfer,  grate  sur- 
face, pipe  and  duct  sizes  for  high  and  low  pressure  steam  heating,  direct  and 
indirect,  hot  water  and  hot  air  systems.  Air  tempering,  cleaning,  drying,  humidify- 
ing. Pipe  and  duct  layouts.  Fan  computations.  Exhaust  steam  systems,  vacuum 
circulation.  Reducing  valves,  air  valves,  water  expansion  tanks,  thermostats, 
thermostatic  regulation  systems  and  important  details.  Efficiencies  of  various 
systems  and  analysis  of  existing  installations. 
Fourth    year    Sanitary    Engineering. 

94S— Shop  and  Factory  Summer  Work.    Professor  Thomas. 

Practical  Work  and  Directed  Study  in  the  Shops  and  Drafting  Rooms  of  Repre- 
sentative Manufacturing  Establishments  with  Report — Each  student  is  provided 
with  a  printed  copy  of  the  things  to  be  studied  and  reported  on  in  detail,  of  which 
the  following  is  a  general   summary: 

Machine  Shop.  Functional  operation,  characteristics  and  powering  of  machine 
tools,  capacities,  layout  of  shop,  size  of  shafting,  belting  and  motors  for  independ- 
ent and  group  drive.  Range  of  cutting  speeds,  feeds,  depth  of  cut.  Shape  and 
size  of  tools  used.  _  Report  on  specific  observations  on  time  of  setting  work,  time 
of  forming  and  finishing,  number  of  pieces  turned  out  per  hour.  Facilities  for 
handling  work  at  the  machine.  Facilities  for  producing  pieces  in  quantity.  Hand 
processes  for  finishing  and  tools  used. 

Pattern  Shop.  Materials  of  which  patterns  are  made  and  methods  of  treating. 
Machine  tools  used  in  the  pattern  shop  arrangement,  capacities,  adaptability,  han- 
ding and  storing  of  material  and  finished  product. 

Foundry  and  Forge,  Description  of  hand  and  machine  tools  and  appliances  used 
in  the  foundry  and  forge.  Compositing  and  treatment  of  foundry  sands.  Methods 
of  molding.  Time  involved.  Methods  of  powering,  venting  and  chilling,  cooling 
and  finishing,  handling  the  cupola.  Composition  of  the  charges  and  mixtures, 
temperatures,  pressures,  time  required  to  charge,  to  melt,  to  pour,  cool  and  clean. 
Appliances   in  the  forge   shop.      Operation   of   power    hammers,  bull-dozers,   shears, 
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heating  and  annealing  furnaces  and  hand  processes  of  forging.  Time  involved  in 
production. 

Drafting  Room.  Standards  and  conventions  used.  Filing  and  marking  of 
drawings  and  recording  of  patterns.  Bills  of  material— parts  to  be  made— standard 
parts  in  stock. 

General  Management  and  Organization.  Methods  of  recording  time  of  workmen 
and  their  time  distribution  over  on  different  jobs.  Paying  of  men,  methods,  rates 
forms  and  records  used.  Drawing  of  materials  used  from  storeroom  and  charjrinK 
to  orders. 

Pre-requisite  course  is  second  year  shop  work. 

96S — Steam  Power  Plant,  Summer  Work.     Professor  Pigott. 

Report  based  on  not  less  than  six  weeks'  practical  work  in  an  Operating  Power 
Plant,  including  the  Output,  Load  Conditions,  Labor  and  Material  for  Operation 
and  Maintenance,  Operating  Cost  per  Unit  and  the  Essential  Dimensional  Rela- 
tions between  the  Various  Units  and  Auxiliaries  Producing  this  Result — This  work 
is  done  entirely  by  the  student  in  the  field,  his  only  assistance  being  the  blank 
report  form  which  is  put  in  his  hands  after  a  brief  lecture  on  leaving  the  Uni- 
versity for  the  vacation. 

Third  year  Mechanical  Engineering.    Pre-requisite  courses:  M.  E.  17-18,  31-32. 

97 — Mechanical  Apparatus  for  Chemical  Factories.  5  hours  for 
10  weeks  in  First  Term.     Professor  Thomas. 

Characteristics  of  the  principal  types  of  machinery  and  mechanical  apparatus 
used  by  the  manufacturers  of  chemical  products,  including  the  fundamental  prin- 
ciples upon  which  their  design  is  based,  the  method  of  operation,  the  selection 
and  installation  to  meet  given  conditions  of  service,  size  and  capacity  of  each 
unit,  and  economical  arrangement  of  the  plant.  Pumping  machinery;  direct  acting 
steam,  simple,  compound  and  triple  expansion,  belt  and  motor  driven  piston  and 
plunger  pumps.  Centrifugal  and  turbine  pumps;  single  and  multistage,  screw  and 
rotary  pumps.  Jet  apparatus;  injectors,  ejectors,  steam  and  water  jet  blowers. 
Hydraulic  presses;  accumulators,  heavy  hydraulic  apparatus.  Air  machinery:  fans, 
blowers,  positive  blowers,  turbo-compressors,  piston  compressors  for  single  and 
multi-stage  compression,  intercoolers,  regulating  devices  and  unloaders.  Hydraulic 
compressors.  Blowing  engines.  Rotary  and  plunger  types  of  vacuum  pumps,  air 
lift  pumps.  Refrigerating  machinery;  compression  and  absorption  systems  using 
ammonia.  Dense  air  and  carbonic  acid  machines.  Ice  making  by  can  and  plate 
systems.  Compressors,  condensers,  stills,  brine  coolers  and  other  units  in  refrigerat- 
ing plants.  Methods  employed  in  the  transportation  of  solid  materials;  elevating  and 
conveying  machinery,  continuous  and  intermittent  conveyors,  loaders,  unloaders, 
adaptability  of  system  to  material  to  be  handled;  hydraulic  and  pneumatic  systems 
of  transportation.  Crushing  and  grinding  machinery;  methods  employed  for  dry 
and  wet  processes,  the  handling  of  hard  and  soft  materials;  jaw,  gyratory  and  roll 
crushers;  roll,  tube  and  ball  mills  for  fine  grinding,  burr-stone  mills.  Separating 
and  screening  machinery;  construction  and  operation  of  the  types  used  in  wet  and 
dry  processes;  centrifugal  and  shaking  screens,  bolting  reels.  Mixing  machinery  for 
dry,  plastic  and  wet  material,  mixing  tanks,  beating  engines.  Drying  machinery; 
classification  of  apparatus  for  obtaining  different  degrees  of  dryness;  construction 
and  operation  of  suction  apparatus,  press  rolls,  steam  driers  for  paper,  kilns  for 
cement,  wood,  pottery,  by  means  of  air  currents.  Humidifiers.  Washing  and  boiling 
machinery;  washing  engines,  digesters,  kiers.  Recording  apparatus.  Regulating 
apparatus  for  pressures  and  temperatures.  Measuring  apparatus  for  water,  gas  and 
steam,  weighing  machinery  for  solid  materials.  Pipe,  pipe  fittings,  valves,  conduits 
and  ducts. 

Precedes  and  forms  sequence  with  Chemistry  197.     Fourth  year  students  in 
Chemical    Engineering.      Pre-requisites:     M.    E.    11    and   12,    17   and   18. 
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101 — General  Metallurgy.  3  hours  first  half  of  term.  Professor 
Kern. 

An  introduction  to  general  metallurgy;  consideration  of  the  methods.  Object  of 
the  metallurgist,  and  application  of  physics  and  chemistry  to  the  extraction,  and  to 
the  treatment  of  the  commoner  metals.  General  classification  of  processes.  Classifi- 
cation of  fuels,  and  the  selection  of  the  most  suitable  fuels  for  certain  purposes. 
The  calorific  value,  and  the  temperature  of  combustion,  of  fuels.  Preparation  of 
charcoal  and  coke,  and  the  recovery  and  utilization  of  their  by-products.     Artificial 
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gaseous   fuels,   thei 


ui-Metallurgy   of   Copper.      3  hours,  second  half  of  term.     Pro- 
fessor Kern. 

The  production  of  copper,  its  uses,  and  consumption.      Properties  of  cooner  and 

per.  Roasting  of  copper  ores;  purposes;  chemistry;  and  methods  of  roasfiW  Th* 
?oVSSffn'  d,sadvantaSes'  -a"d  comparative  cost  of  'roasting  processes,  fntroducdon 
to  sine  ting  copper  ores  in  reverberatory,  and  in  blast  furnaces  Composition 
physical  properties,. and  characteristics  of  furnace  products;  blS  coonTr  black' 
copper,  mattes  speiss  slag,  and  flue-dust.  Smelting  in  reverberator? 'furnaces 
construction  of  reverberatory  smelting  furnaces,  their  capacity  and  effidencv 
Calculation  of  reverberatory  furnace  charges.  Converting  of  conner  matte  in 
nfVbwrft0ry  fUrinaCeS-  ^eltin^  °f  .c°PPer  ores  in  WastgfurnacesPP  CaTcu lation 
rnattl  hv  t^CMCl]ar?eS-  PyntC *  °F  RaW  °re"  Smelting.  Converting  of  copper 
R^l;./  *hlrM*ahneS  Proc"f-  ,  Apparatus  required  for  converting  copper  matte 
Refining   of  blister   copper,    black-copper,    and   cement-copper.      Smelting    of  tynica 

SfproStsT^t-of  SSS^SST''   *"  ^^  ^  ^   ******  «*£°£l 

JB^  ftfls  stud-ents  &  Metallurgical  Engineering.      Fourth  year  students  in 
MetallSr       f(?ieenng'     ChemlCal    EnS^eermg    and    Chemistry.       Pre-requisite : 

118— Metallurgy  of  Copper.  1  hour.    Professor  Kern. 

Advanced  Course.  Treatment  of  low-grade  ores,  and  of  copper-silver  ores  by 
leaching.  Recovery  of  copper  from  mine-water.  Utilization  of  furnace-gas  for  the 
production  of  sulphuric  acid.  Treatment  of  copper-nickel  ores.  Metallurgical  cal- 
culations of  roasting  operations.  Application  of  thermo-chemistry  to  roasting  and 
and  flux  calculations    of   furnace    efficiencies.      Purchasing    of  copper    ores 

Fourth    year    students    in    Metallurgical    Engineering.      Pre-requisite:    Met- 

122— Metallurgy  of  Lead,  Silver,  Gold  and  Zinc.  3  hours.  Pro- 
fessor Walker. 

Properties  of  lead,  its  compounds  and  alloys.  Classification  of  ores.  Production 
and  uses  of  lead.  Outline  of  the  metallurgical  treatment  of  lead  ores.  Smelting 
in  the  reverberatory  furnaces;  in  the  ore-hearth.  Blast  furnace  practice  for  smelt- 
ing lead  ores.  Roasting  in  hand  and  mechanical  furnaces.  Various  pot-roasting 
processes  and  sintering  machines.  Smelting  operations;  construction  of  furnaces; 
calculation  of  charge;  disposition,  handling  and  treatment  of  by-products.  De- 
silvenzation  of  lead  bullion.  Influence  of  impurities  and  elimination  of  same. 
Cupellation  of  rich  lead  alloys  and  ores.  Treatment  of  Dore.  Silver.  Its  proper- 
ties, compounds,  alloys,  etc.  Direct  amalgamation  of  silver  ores.  Hydro-metal- 
lurgical _  processes  for  treatment  of  silver  ores;  Ziervogel,  Patera,  etc.  Gold. 
Properties,  etc  Amalgamation  of  gold  ores.  Chlorination  processes.  Cyaniding 
ot  gold_  ores;  laboratory  tests,  and  chemistry  of  the  process;  modern  practice, 
description  of  existing  plants.  Refining  and  parting  of  gold  and  silver  bullion. 
Zinc.  Properties,  ores,  etc.  Calcination  and  roasting  of  zinc  ores.  Retorting 
furnaces.  Manufacture  of  retorts;  retorting  practice  and  chemistry  of  same. 
Refining  of  zinc. 

Third  year  students  in  Metallurgical  Engineering.  Fourth  year  students  in 
Mining  Engineering,  Chemical  Engineering  and  Chemistry.  Pre-requisite: 
Metallurgy   111. 
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128 — Metallurgy  of  Lead,  Silver,  Gold,  Zinc  and  the  Minor  Metals. 

1  hour.     Professor  Walker. 

Advanced  Course.  Methods  of  receiving  and  sampling  different  classes  of  ore. 
Purchasing  of  ore  of  varying  compositions.  General  construction  of  furnaces,  and 
design  of  smelting  plants.  Organization  of  smelting  plants;  metallurgical  book- 
keeping, cost  sheets,   etc. 

Fourth   year    students   in    Metallurgical    Engineering.      Pre-requisite:    Metal- 
lurgy  122. 

131— Metallurgy  of  Iron  and  Steel.    1  hour.   Professor  Campbell. 

Manufacture  of  iron  and  steel.  Blast  furnace.  Puddling.  Cementation. 
Crucible  process.  Bessemer  process.  Open  hearth  process.  Statistics.  Iron  and 
steel  casting.  Eftect  of  heat  treatment.  Effect  of  mechanical  treatment.  Malle- 
able cast  iron.  Standard  specifications.  Constitution  of  iron  and  steel.  Relation 
to  physical  properties.  Change  of  structure  with  heat  and  mechanical  treatment. 
Alloy  steels.      Corrosion. 

•  Fou£,h-  >'ear  students  in  Mining  and  Metallurgical  and  Chemical  Engineer- 
ing. Ihird  year  students  in  Chemistry.  Pre-requisite:  Chemistry  3  or  4  and 
Physics  3-4.     Pre-requisite  or  parallel:    Metallurgy  101. 

134— Metallurgy  of  Iron  and  Steel.  2  hours.  Professors  Walker 
and  Campbell. 

Introduction,  literature,  scheme  of  iron  and  steel  manufacture.  Definitions: 
iron,  steel,  cast  iron,  etc.  Relations  of  carbon  and  iron.  Development  of  the 
industry.  The  blast  furnace,  iron  ores,  fuels,  fluxes,  smelting  practice,  products. 
Processes  for  purification  of  pig  iron.  Manufacture  of  wrought  iron  and  crucible 
steel.  Puddling,  charcoal  hearths,  fineries.  Cementation,  blister  steel.  Crucible 
process.  Bessemer  process,  acid  and  basic.  Siemens-Martin  or  Open  Hearth 
process,  acid  and  basic;  fuels  and  regeneration.  Defects  in  ingots  and  other 
castings.  Iron  and  steel  founding.  Mechanical  treatment  of  steel,  forging, 
rolling.  Heat  treatment  of  steel.  Heat  treatment  of  cast  iron.  Malleable  cast 
iron,  cupola  and  air  furnace.  Alloy  steels;  nickel;  vanadium;  manganese; 
chrome;   tungsten,  etc.     Self-hardening,   high-speed  steels. 

Practical  metallography  of  iron  and  steel.  Macroscopic  examination.  Micro- 
scopic examination  of  wrought  iron,  pipe  steel,  low  carbon  and  structural  steel. 
Shafting,  etc.  Medium  and  high  carbon,  rails  and  tires.  Tool  steels.  Cast  irons. 
Comparison  of  good  with  bad  material.  Relation  between  structure  and  proper- 
ties.     Corrosion.      Standard   specifications.      Electrometallurgy   of   iron   and   steel. 

Second  year  students  in  Civil,  Electrical,  and  Mechanical  Engineering.     Pre- 
requisite:   Chemistry  3  or  4  and  Physics  3-4. 

138 — Metallurgy  of  Iron  and  Steel,    i  hour.    Professor  Howe. 

Advanced  Course.  A  detailed  study  of  the  constitution  of  iron  and  steel  and 
the  effects  of  heat  and  mechanical  treatment  upon  the  constituents.  Discussion  of 
the  various  processes  of  manufacture  of  iron  and  steel,  alloys  steels,  etc.  The 
iron  and  steel  industry  of  the  United  States,  Germany,  England,  and  other  coun- 
tries.     Standard   methods  of   testing. 

Fourth    year    students    in    Metallurgical    Engineering.      Pre-requisite:    Metal- 
lurgy 131. 

141— Electrometallurgy,     i  hour.     Professor  Kern. 

Theory  of  the  electric  current,  and  its  application  in  the  treatment  of  ores, 
refining  of  metals,  and  production  of  refractory  alloys.  Theory  of  electrolysis; 
determination  of  efficiency.  The  solution  pressure  series  of  the  metals,  and  its 
application  in  the  refining  of  copper,  lead,  iron,  nickel,  antimony,  tin,  zinc,  gold, 
and  silver.  Electrolytic  refining  of  copper.  Electrolytic  refining  of  lead.  Treat- 
ment of  anode  residual.  Parting  of  silver  and  gold  by  electrolysis.  Refining  of 
gold  alloys.  Electrolysis  of  fused  electrolytes;  production  of  aluminum;  treatment 
of  sulphide  ores,  etc.  Electric  furnaces  used:  for  smelting  ores,  for  refining 
metals,  and  for  manufacture  of  refractory  alloys.  Efficiency  of  electric  furnaces; 
cost   of   constructing  and   maintaining. 

Fourth  year  students  in  Mining  and  Metallurgical   Engineering,  and  Chem- 
istry.    Pre-requisite:     Chemistry  3  or   4  and   Physics   3-4. 

148 — Electrometallurgy,  i  hour  conference.     Professor  Kern. 

Advanced  Course.  Construction  of  electrolytic  refineries;  calculations  of  cur- 
rent,   and    power    efficiencies.      Selection    of    most    suitable    electrolyte,    and    most 
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economical  current  density.  Labor-saving  appliances.  Electrolytic  deposition  of 
copper,  lead,  zinc,  nickel,  gold  and  silver  from  solutions  obtained  by  leaching  their 
oi\s.  Production  of  solid  deposits,  and  laws  governing  the  same.  Role  of  current 
density  in  the  electrolysis  of  aqueous  and  fused  electrolytes,  and  in  the  operation 
of  electric   furnaces. 

Fourth    year    students    in    Metallurgical    Engineering.      Pre-requisite:    Metal- 
lurgy 141. 

151— Constitution  and  Properties  of  Alloys.  2  hours.  Professor 
Campbell. 

Pyrometry  and  freezing  point  or  cooling  curves.  Various  types  of  curves  and 
their  meaning.  Examples  of  the  same.  Constitution  of  the  various  binary  alloys. 
Methods  of  manufacture  of  commercial  alloys.  Ternary  alloys.  The  phase  rule. 
Change  of  structure  in  the  solid  state,  pure  metals,  alloys,  bronze,  brass,  steel. 
Methods  of  metallogiaphic  research. 

Fourth    year    students    in    Metallurgical    Engineering.      Pre-requisite:    Metal- 
lurgy  111;   Parallel  Metallurgy  131. 

155-6— Metallography.  Iron,  Steel  and  Industrial  Alloys.  Six 
lectures  and  3  or  more  afternoons  laboratory.     Professor  Campbell. 

Methods  of  examination.  Comparison  of  good  and  bad  material;  wrought  iron, 
low  carbon  steel,  structural  steel,  rail  steel,  tool  steel,  etc.  Examination  of  brasses, 
bronzes,  bearing  metals  and  other  industrial  alloys.  Relation  between  chemical 
composition,   physical   properties   and   microstructure. 

Course   for    students   in    Mechanical    Engineering,    and    for   special   students. 
Pre-requisite:   Metallurgy  131   or  134. 

158 — Advanced  Course  on  Constitution  and  Property  of  Alloys. 

1  hour.     Professor  Campbell. 

Fourth  year  students   in  Metallurgical  Engineering. 
Pre-requisite:    Metallurgy   151. 

62S — Summer  Course  in  Non-Ferrous  Metallurgy. Prof essor  Kern. 

For  description  see  page  37.  1  week  field  work  at  metallurgical  plants  during 
the   summer. 

Instruction  for  this  field  work  will  be  given  in  five  one-hour  conferences  during 
the  last  week  in  April. 

Third  year  students  in  Mining  Engineering. 

64S — Summer  Course  in  Ferrous  Metallurgy.  Professor  Campbell. 

For  description  see  page  37.     Third  year   students  in  Metallurgical  Engineering. 
Pre-requisite:    Metallurgy  101. 

66S — Summer  Course  in  Non-Ferrous  Metallurgy.  Professors 
Walker  and  Kern. 

For  description  see  page  37.     Third  year   students  in  Metallurgical  Engineering. 
Pre-requisite:    Metallurgy  122. 

82S — Summer  School  in  Assaying.    Professor  Hall. 

72 — Metallurgical  Laboratory.  10  consecutive  afternoons,  second 
term.     Professor  Campbell  and  Professor  Kern. 

Calibration  of  Le  Chatelier  pyrometer.     Cyaniding  and  chloripation  of  gold  ores. 
Roasting  *of   copper   matte,    and   use   of    pyrometer.      Desilverizing   of   base    bullion 
by  Parke's  process.     Microscopic  metallography.     Thermal  treatment  of  steels. 
Fourth   year  students   in   Mining   Engineering. 
Pre-requisite:    Metallurgy   111.      Parallel:    Metallurgy  122. 

171 — Metallurgical  Laboratory.  3  afternoons.  Professors  Camp- 
bell and  Kern. 

Calibration  and  comparison  of  thermo-electric,  optical  and  radiation  pyrometers. 
Determination  of  the  calorific  power  of  fuels  by  the  Mahler-Berthelot  calorimeter. 
Microscopic  study  of  metals  and  alloys.  Thermal  and  mechanical  treatment  of 
steels.      Roasting   of   copper  matte,    and   use   of  pyrometer.      Production    of   blister 
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copper  by  the  reaction  process.  Refining  of  blister  copper.  Desilverization  of 
base  bullion  by  Parke's  process.  Cyaniding  of  gold  and  silver  ores.  Chlorination 
of  gold  ores.  Electrolytic  refining  of  copper  and  lead  bullion.  Fusibility  of  slaes 
and  refractory  materials.  6 

Fourth    year    students    in    Metallurgical    Engineering.      Parallel:    Metallurgy 
101   and    111. 

172— Metallurgical  Laboratory.    2  afternoons.    Professors  Walker, 
Campbell  and  Kern. 

Special  investigation  in  some  subject  or  subjects  in  either  ferrous  or  non-ferrous 
metallurgy.     Subjects  are  similar  to  those  noted  under  the  head  of  Met    201-202 
Fourth  year   students  in   Metallurgical   Engineering. 
Pre-requisite:    Metallurgy  171. 

1 73- 1 74— Metallurgical  Laboratory. 

Special   work   along  the  lines  indicated    under   the   head   of   Metallurgy   201-202 
This    work    is   intermediate    between    that    of    Metallurgy    171    and    201-202    and    is 
designed    for   those    desiring   to  take   an    advanced   metallurgical    laboratory    course 
without   confining  themselves   to   special  research   work. 
Pre-requisite:     Metallurgy  171. 

175— Metallurgical  Investigation,  i  hour  conferences.  Professors 
Walker  and  Campbell. 

Fourth   year   Metallurgical   Engineers.      Pre-requisite:    Metallurgy    122      Pre- 
requisite or  parallel:   131,    141. 

77— Metallurgical  Plant  Construction.      Professor  Walker. 

General  design  of  metallurgical  plants  and  problems  entering  into  the  con- 
stiuction  of  same. 

Special  work  is  assigned  to  each  student,  which  is  carried  on  under  direct  and 
constant  supervision  in  the  drafting  room  and  laboratories.  The  experience  gained 
in  visits  to  metallurgical  plants  is  brought  into  practical  use. 

Fourth     year     Metallurgical     Engineers.       Pre-requisite:     Drafting    3-4,     7-8; 
Civil  Engineering  53;  Metallurgy  122,  64S  and  66S. 

Graduate  Courses 
81— Assaying.    2  hours,  3  afternoons.    Professor  Hall. 

Ores  and  metallurgical  products.  Text-books:  Fulton's  Manual  of  Assaying. 
The  assays  included  in  this  course  are:  Preliminary  (reagents,  etc.):  lead  ores; 
gold  and  silver  ores;  pure  and  impure,  including  galena,  stibnite,  arsenopyrite, 
blende,  pyrite,  tellurides,  etc.;  mattes  and  tailings;  corrected  assays  and  cyanid* 
solutions;   gold,   silver   and   lead  bullions. 

Third  year  students  in   Mining   Engineering  and   Metallurgical  Engineering. 
Fre-requisites:    Chemistry  3  or  4  and  61  or  62;   Mineralogy   1-2  or  7-8. 

182 — Assaying.  2  lectures  or  recitations.  2  afternoons.  Professor 
Hall.     . 

A  short  course  covering  practically  the  same  ground  as  Met.  81. 

Third    year   students   in    Chemical    Engineering   and    Chemistry. 
Pre-requisites:  Chemistry  3  or  4  and  61   or  62;  Mineralogy  1-2  or  7-8. 

188 — Assaying.    Advanced  course.    Professor  Hall. 

For   those   desiring  to   take   special   work   in   assaying. 
Pre-requisite:     Metallurgy  81   or  182. 

Special  courses,  consisting  of  original  research,  will  be  arranged  for 
advanced  students  according  to  their  individual  needs  and  abilities. 
Most  of  these  researches  will  consist  of  work  in  the  departmental  lab- 
oratories, but  others  will  consist  of  study,  and  still  others  of  work  in 
industrial  establishments. 
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The  following  list  shows  what  subjects  are  suited  to  these  courses: 
201-202    (a)— Advanced    work  on   some  problem   in   general   metal- 
lurgy, as   for  example: 

In  Calorimetry:  Determination  of  the  calorific  power  of  fuels,  or 
testing  some  law  in  calorimetry; 

In  Pyrometry:  Determination  of  the  temperatures  of  metallurgical 
and  other  industrial  high-temperature  operations; 

On  Refractory  Materials:  Their  resistance  to  heat  and  corrosion; 
their  tendency  to  slack;  their  contraction  and  expansion,  etc.; 

On  Slags :  The  formation  points,  melting  points,  flowing  points,  and 
their  density  and  viscosity  when  molten; 

(b) — In  the  Metallurgy  of  Copper: 

The  chemistry  of  roasting  processes,  such  as  the  elimination  of 
arsenic  and  sulphur;  chloridizing  and  sulphate  roasting,  etc. 

The  reactions  of  smelting  processes; 

Wet  methods  of  extraction; 

(c)—  In  the  Metallurgy  of  Lead,  Silver,  Gold,  etc.: 

The  pot-roasting  of  sulphides,  and  others  mentioned  above  under 
(&)  ; 

(d) — In  the  Metallurgy  of  Iron  and  Steel: 

The  effect  of  various  constituents  on  Iron  and   Steel. 

The  heat  and  mechanical  treatment  of  Iron  and  Steel;  effect  on 
physical  properties  and  microstructure. 

The  study  of  alloy  steels  and  the  effect  of  heat  treatment. 

Case  hardening,  etc. 

O)—  In  Electro-metallurgy:  Testing  electro-metallurgical  principles, 
refining,  extraction  and  depositing  process ; 

(/) — On  Alloys:  The  constitution  and  properties  of  alloys,  embrac- 
ing a  microscopic,  pyrometric  and  mechanical  or  physical  examination 
with  a  correlation  of  the  results; 

(g)—  In  Metallography:  Metallography  of  iron,  steel,  industrial  al- 
loys or  metallurgical  products,  as  mattes,  slags,  etc. 

Prerequisite  for  201-202:  Metallurgy  122,  131,  141  and  171,  or  equivalent. 

MINERALOGY 

1-2 — Descriptive  and  Determinative  Mineralogy.  3  hours  lectures 
throughout  the  year,  6  hours  laboratory  first  term,  3  hours  laboratory 
second  term.     Professors  Moses,  Luquer  and  Assistants. 

The  elements  of  crystallography.  The  blowpipe  analysis  of  ores  and  other  sub- 
stances. The  study  of  the  important  minerals,  the  purpose  being:  1st.  Sight  recog- 
nition of  average  specimens  of  all  common  or  economically  important  species; 
2d.  Rapid  determination  of  the  less  characteristic  specimens  by  simple  tests;  3d. 
Familiarity  with  economic  characters. 

Pre-requisite :   Entrance  requirements  in  Chemistry  and  Physics.     Prescribed 
course  for  students  in   Mining. 
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5— The  Minerals  of  Building  Stones.  2  hours  lectures  and  1  after- 
noon laboratory.      Professor  Luquer  and   Assistant. 

Study  of  common  species,  their  properties,  methods  of  determination,  and  their 
economic  effect  on  building  stones. 

Pre-requisite:     Entrance    Chemistry    and    Physics.      Prescribed    for    students 
in   the    course    of    Civil    Engineering. 

6— Optical  Mineralogy.  In  sections,  2  afternoons  per  week  for  first 
seven  weeks  of  term.     Professor  Luquer  and  Assistant. 

Principles,  apparatus,  and  distinguishing  characters  of  minerals  in  thin  sections. 
Consists  principally  in  the  determination  of  minerals  in  rock  sections  by  the  aid 
of  the  polarizing  microscope.  Supplements  Courses  5  and  1-2  and  is  preliminary  to 
Geology  4   (petrography).  y 

Pre-requisite:    Course  5,  or  part  of  Course  1-2,  or  the  equivalent.    Prescribed 
for    students    in    Mining   and    Metallurgy. 

7-8— Descriptive  and  Determinative  Mineralogy.  3  hours  lectures, 
3  hours  laboratory.     Professors  Moses,  Luquer  and  Assistants. 

Modification  of  Mineralogy  1.     Lectures  identical,  laboratory  work  condensed 
Prescribed  course  for  students  in  Metallurgy. 

10— Mineralogy  and  Crystallography.  2  hours  lectures  and  3  hours 
laboratory.     Professor  Moses. 

Supplementing  Mineralogy  15-16  by  further  instruction  in  Mineralogy  and  deter- 
mination of  the  optical  and   geometric  constants  of  crystals. 

Pre-requisite:      Mineralogy    15-16.      Prescribed    for    third-year    students    in 
Chemistry. 

15-16— Determinative  Mineralogy.  3  hours  laboratory.  Professor 
Moses  and   Assistant. 

Sight  recognition  and  determination  of  minerals  important  in  the  chemical 
industries. 

Pre-requisite:    Chemistry    A    and    Physics    A.      Prescribed    for    students    in 
Chemistry  and  Chemical  Engineering. 

MINING 
Undergraduate  Courses 

51— Excavation  and  Tunneling.  3  hours,  third  year.  Professor 
Peele. 

Excavation  of  earth :  tools  and  methods  employed,  support  of  excavations,  special 
methods  for  quicksand  and  other  water-bearing  material;  steam  shovels  and  other 
mechanical  excavators;  handling  and  transportation  of  excavated  material;  com- 
parative costs.  Explosives:  black  powder,  nitro-glycerine  and  its  compounds,  and 
other  high  explosives;  their  composition,  manufacture,  and  use.  Excavation  of 
rock:  methods  of  drilling  and  blasting  mammoth  blasts,  submarine  blasting.  Rail- 
road tunnels:  methods  of  driving  and  timbering;  handling  and  transportation  of 
excavated  material;  drainage  and  ventilation;  lining  of  tunnels,  submarine  tun- 
nels. Mine  tunnels;  examples  from  practice;  sizes,  details  of  driving,  timbering, 
rates  of  advance  and  costs. 

Required  of  students   in  the   course  of  Mining  Engineering.      Pre-requisite: 
Entrance  requirements  in  Mathematics,  Chemistry,  and  Physics. 

52— Boring  and  Shaft  Sinking.  2  hours,  third  year.  Professor 
Peele. 

Boring:    methods    and    appliances    for    small    depths    and    for    deep    boring;    rod 
Slngr.a        cable  tool  or  oil-well  method;  boring  with  core  drills,   for  prospecting 
and  other  purposes;  survey  of  bore-holes.      Shaft  sinking:  methods  and  tools  em- 
ployed in  soft  material  and  in  rock;   sinking   linings   or  drop-shafts,   freezing  and 
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?wf./PwSrmethodi8  u°f-   ^nkin?    in    soft    water-bearing    formations;    drainage    of 

•hafts;    handling    and    hoisting    of    excavated    material.      Shaft    timbering,    walling 

tubbing     and   other    forms   of   lining.      Costs   of    shaft   sinking.  g' 

Minn?1"  51  stlldents   in   the   course   of  Mining   Engineering.      Pre-requisite: 

53— Excavation,  Tunneling,  Boring  and  Shaft  Sinking.  2  hours, 
second  year.    Mr.  Judd. 

0,15;™°^'!°"  °f  c°urses.5,1  and  52,  in  which  attention  is  given  only  to  those 
2?nl£S 'Alw  of  special  interest  to  the  .civil  engineer*  Excavation  and 
?£h£.  4  T^  f°r  s}Juctur^  Purposes  and  railroad  grading;  steam  shovels  and 
dredges.  Explosives.  Excavation  of  rock;  methods  of  drilling  and  blasting  sub- 
marine blasting;  railroad  tunnels;  quarrying;  testing  for  foundations  in  earth, 
methods  Cry    matenaI;    wel1    drilW;    shaft    sinking    by    usual    and    special 

Required  of  students  in  the  course  of  Civil  Engineering.  Pre-requisite- 
Entrance  requirements  in  Mathematics,  Chemistry  and  Physics. 

54— Exploration,  Development,  and  Methods  of  Working.   3  hours, 

third  year.     Professor  Munroe. 

Mineral  deposits,  characteristics  of  beds,  masses,  veins,  and  other  deposits,  and 
tlie  irregularities  and  disturbances  to  which  they  are  subject,  as  affecting  the  work 
ot  exploration  and  mining.  Examination  and  survey  of  mineral  properties-  rela- 
tion of  topography  to  geological  structure;  construction  of  maps  and  sections;  and 
tracing  of  probable  outcrops  as  a  guide  to  exploration.  Prospecting  by  ditches 
pits,  and  deep  boring  Development;  choice  of  methods;  location  of  openings! 
Working  of  deposits  and  support  of  excavations;  theoretical  considerations,  method* 
ot  breaking  ground  in  coal  and  metal  mining,  and  support  of  mine  excavations  by 
pillars  of  mineral,  by  timbering,  by  masonry,  and  by  rock  filling;  methods  of 
working  applicable  to  deposits  of  different  thickness,  inclination,  and  character 
Coal  mining;  vein  mining;  working  of  thick  deposits  and  soft-ore  bodies.  Salt 
mining       Surface   working.     Hydraulic  mining  and  gold  dredging. 

Required  of  students  in  the  courses  of  Mining  and  Metallurgical  Engineering 
Pre-requisite:  Geology  5-6.  Pre-requisites  or  parallels:  Geology  105-106,  Min- 
ing 51  and  52.  Accepted  together  with  Mining  81  and  82,  or  with  Mining  56 
and  91,  as  a  minor  for  the  degree  of  A.M. 

56— Mine  Engineering.    3  hours,  fourth  year.    Professor  Munroe. 

Ventilation;  air  of  mines;  mine  gases;  methods  of  ventilation;  control  and 
measurement  of  air  currents.  Drainage:  sources  of  mine  waters;  methods  for  the 
control  and  raising  of  water;  dams;  drainage  levels.  Water  supply.  Surface 
handling  and  transportation;  arrangements  for  loading  and  unloading  cars  and 
vessels,  and  for  storing  of  minerals.  Mineral  railroads.  Common  roads.  Acci- 
dents to  men  in  shafts,  levels  and  working  places;  fire-damp  and  dust  explosions; 
mine  fires;  inundations;  rescue  and  relief  of  men.  Mine  surveying,  mine  maps 
and  models.      Examination,  sampling  and  valuation  of  mines. 

Required  of  students  in  the  course  of  Mining  Engineering.  Pre-requisites  or 
parallels:  Mining  54  and  71-72,  Civil  Engineering  76  and  28.  Accepted  to- 
gether with  Mining  54  and  91,  as  a  minor  for  the  degree  of  A.M. 

71-72— Mine  Plant.    3  hours,  fourth  year.     Professor  Peele. 

Description  and  critical  discussion  of  the  machinery  and  appliances  employed  in 
the  equipment  of  mines;  design,  erection  and  care  of  plant.  Hoisting:  engines, 
drums,  wire  rope,  skips  and  cages,  head- frames;  calculation  of  power  required  and 
methods  of  equalizing  the  load  on  the  engine;  shaft-sinking  plant,  over-winding. 
Drainage:  buckets,  tanks  and  hand-pumps;  Cornish  and  direct-acting  underground 
pumps;  operation  of  pumps  by  electricity,  compressed  air,  and  hydraulic  power. 
Centrifugal  pumps.  Ventilation:  underground  furnaces,  positive  blowers,  and 
centrifugal  fans;  theory  and  efficiencies  of  fans.  Air  compressors:  simple  and 
compound  (stage)  compression;  methods  of  dealing  with  heat  of  compression;  con- 
veyance of  compressed  air  in  pipes;  reheating;  operation  of  machinery  by  com- 
pressed air;  efficiencies.  Machine  drills;  coal-mining  machines  or  coal-cutters. 
Handling  mineral  in  working  places.  Mine  cars;  arrangement  and  construction 
of  tracks.  Underground  haulage;  hand  tramming;  mule  haulage;  gravity  roads; 
steam,  compressed-air,  and  electric  locomotives;  rope  haulage;  efficiencies;  compari- 
son of  systems  of  haulage. 

Required  of  students  in  the  course  of  Mining  Engineering.  Pre-requisite: 
Mining  51,  52  and  54,  and  Mechanical  Engineering  13-14.  Accepted  together 
with  Mining  73  and  75,  as  a  minor  for  the  degree  of  A.M. 
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73— Mine  Constructions,     i  hour,  fourth  year.     Professor  Peele. 

Building-stones;  bricks;  limes;  cements  and  concretes.  Foundations  in  various 
soils;  retaining  walls;  masonry  and  timber  construction,  with  special  reference  to 
mine   work;   mine  buildings;   trestles;   ore-bins. 

Required  of  students  in  the  courses  of  Mining  and  Metallurgical  Engineering 
Accepted  together   with   Mining  71-72  and  75,   or   with    Mining   81,   82   and 
75,  as  a  minor  for  the  degree  of  A.M. 

75— Design  of  Mine  Plant.  4  afternoons,  fourth  year.  Professors 
Peele  and  Kurtz  and  Mr.  Judd. 

The  students  are  assigned  problems  in  the  design  and  construction  of  mine  plant 
in  connection  with  the  development  of  a  mine.  This  work  supplements  the  lectures 
on  the  design  of  mining  machinery,  involving  reading  and  study,  and  the  prepara- 
tion of  working  dryings,  covering  certain  portions  of  the  plant,  together  with 
bills  of  material,  specifications,  and  estimates.  As  these  drawings  are  intended  to 
accompany  and  illustrate  in  part  the  graduating  theses  or  projects,  the  designs  are 
made  in  accordance  with  the  subjects  and  conditions  therein  assigned  The  work 
is  done  under  constant  supervision  and  advice  in  the  draughting-room. 

Required  of  students  in  the  course  of  Mining  Engineering.  Pre-requisite: 
Drafting  3-4  7-8,  Civil I  Engineering  53.  Parallel:  Mining  71-72.  Accepted 
together  with  Mining  71-72  and  73,  or  with  Mining  81,  82  and  73,  as  a  minor 
tor  the  degree  of  A.M. 

77-78— Graduating  Thesis  or  Project.     Professor  Peele. 


Mining   Thesis 

The  subjects  for  the  graduation  theses  are  assigned  during  the  third  year  and 
are  made  a  part  of  the  regular  course  of  instruction.  The  subject  given  in  each 
case  is  the  problem  of  the  opening  and  development  of  a  mine,  supposed  to  be 
located  in  some  well-known  mining  district,  and  for  which  certain  definite  con- 
ditions as  to  size  and  character  of  ore  body,  amount  of  water  to  be  pumped  and 
quantity  of  ore  to  be  mined,  are  assumed.  During  the  summer  field  work  in  min- 
ing the  student  incidentally  obtains  data  for  his  thesis  work.  This  information  it 
supplemented  by  study  of  books  and  technical  literature.  During  the  fourth  year 
he  decides  upon  the  proper  methods  for  opening,  developing,  and  working  the  prop- 
erty; and  makes  estimates  of  the  plant,  machinery  and  capital  required,  the  cost  of 
working  and  the  probable  profits.  He  also  works  out  in  detail  certain  portions  of  the 
proposed  mine  plant,  and  prepares  a  set  of  working  drawings,  bills  of  materials 
and  specifications  therefor.  This  work,  done  under  the  supervision  of  competent 
instructors,  constitutes  both  a  review  and  a  series  of  practical  applications  of  the 
preparatory  studies  and  enables  the  students  to  discover  and  remedy  their  de- 
ficiencies, giving  them  confidence  in  their  ability  to  work  out  similar  problems  later. 
Required  of  students  in  the  course  of  Mining  Engineering.  Pre-requisites 
or  parallel:    All  the  required  courses  in  Mining. 

80— Mill  Constructions.     1  hour,  fourth  year.     Professor  Kurtz. 

Installation   and    operation    of  mechanical  power  transmission    and  auxiliary  ma- 
chinery in  works   for  the   mechanical  treatment  of  minerals.      Dealing  with   shaft- 
ing, bearings,  pulleys,  belting,  rope  drives,  gearing,  etc. 
Pre-requisite:   Mechanical  Engineering  13-14. 

81— Ore  Dressing,  Milling,  and  the  Mechanical  Preparation  of 
Coal.    4  hours,  fourth  year.     Professor  Munroe. 

The  general  principles  and  theory  of  dressing;  preliminary  operations;  hand 
dressing;  cleansing;  crushing;  jigging  with  and  without  preliminary  sizing;  slime 
concentration;  magnetic  and  electro-static  separation;  oil  and  flotation  processes; 
milling  of  gold  ores;  descriptions  of  typical  dressing  works  and  coal- washing 
plants   in   this   country   and   abroad. 

Required  of  students   in   courses  of  Mining  and   Metallurgical   Engineering. 
Pre-requisite:     Mineralogy  1-2,  Physics  3-4,  and  Mechanics  102.     Accepted 
together  with  Mining  54  and  82,  or  with  Mining  82,  73  and  75  as  a  minor  for 
the  degree  of  A.M. 
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82— Ore-dressing  Laboratory.  Afternoon  work  for  three  weeks, 
fourth  year.     Professors  Munroe  and  Kurtz  and  Mr.  Judd. 

Mechanical  testing  of  ores  by  laboratory  methods;  working  tests  with  simple  appa- 
ratus;  adjustment   and  operation  of  concentrating  machines. 

Required   of  students   in   courses  of   Mining  and    Metallurgical    Engineering. 
Pre-requisite:      Mining  81.     Accepted   together    with   Mining  54    and   81,   or 
with  Mining  81,  73  and  75,  as  a  minor  for  the  degree  of  A.M. 

9 1 — Mine  Administration.  2  hours,  fourth  year.  Professors 
Munroe  and  Kurtz. 

Administration,  organization,  and  business  management,  mine  accounts,  and  cost 
sheets. 

Required  of  students  in  courses  of  Mining  and  Metallurgical  Engineering. 
Pre-requisite:  Mining  54.  Accepted  together  with  Mining  54  and  56,  as  a 
minor  for  the  degree  of  A.M. 

94 — Mining  Law.    2  hours,  fourth  year.     Professor  Kurtz. 

General  principles  of  real  estate  law.  Historical  review  of  mining  laws  of  dif- 
ferent countries.  Federal  laws,  concerning  locations  on  public  lands  of  the  United 
States.      State  and  territorial  mining  laws. 

Pre-requisite:   Civil  Engineering  27,  Mining  54. 

95— Mining  Conference,     i  hour.     Mr.  Judd. 

(Optional.)  Reading  and  discussion  of  papers  by  the  students,  on  mining  prac- 
tice and  based  on  data  accumulated  in  the  course  of  the  summer  work  in  mining. 

Summer  Courses 
58 — Summer  Class  in  Mine  Surveying  is  held  in  June,  at  a  mine 
in  a  near  locality,  and  lasts  one  week.    Professors  Munroe  and  Kurtz 
and  Mr.  Judd. 

Pre-requisite:    Civil   Engineering  27. 

59 — The  Summer  Courses  in  Practical  Mining.  Professors  Peele 
and  Kurtz  and  Mr.  Judd. 

Held  in  June  and  July,  at  some  mine  or  mines  selected  for  the  purpose,  in  the 
vacation  between  the  third  and  fourth  years,  and  lasts  six  weeks  (for  details  see 
page   31). 

Pre-requisite:  Mining  51,  52  and  54,  Civil  Engineering  15  and  27,  Mechan- 
ical Engineering  13-14,  and  Geology  105-106. 

Graduate  Courses 
Special  courses,  consisting  of  personal  instruction,  reading  and  ex- 
perimental investigation,  will  be  arranged  for  advanced  students  ac- 
cording to  their  individual  needs  and  ability.  These  investigations  will 
be  made  at  mines  and  dressing  works  either  in  connection  with  the 
Summer  class  or  elsewhere  as  assigned,  with  additional  work,  as  re- 
quired, in  the  library  and  in  the  laboratories  of  the  department.  These 
courses  vary  in  difficulty  and  in  the  amount  of  time  necessary,  accord- 
ing as  the  student  is  a  candidate  for  the  degree  of  A.M.  or  Ph.D.,  and 
according  as  he  pursues  mining  as  a  major  or  a  minor  subject.  The 
time  required  is  governed  by  the  rule  that  a  course  or  courses  should 
occupy  about  20  hours  (outside  reading  and  study  included)  per  week 
if  taken  as  a  major  subject,  and  about  10  hours  per  week  if  taken  as  a 
minor  subject.  Any  of  the  following  may  be  offered  as  a  minor  for 
the  degree  of  A.M.  by  students  who  have  had  the  appropriate  pre- 
requisites : 
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101-102— Mining  and  Ore  Dressing.    Mining  54,  81  and  82.  4  hours, 

with  laboratory  work  and  reading  as  required. 

103-104— Mining  Engineer.  Mining  54,  56  and  91.  4  hours 
lectures  and  reading  as  required. 

105-106— Design  of  Mine  Plant.  Mining  71-72,  73  and  75.  3  hours 
and  4  afternoons  drafting-room  work. 

107-108— Design  of  Ore-dressing  Works.    Mining  80,  81,  82,  73  and 

75.   with    1    hour   conference   additional   first   half-year.      3   hours   and 
5   afternoons   laboratory   and   drafting-room  work. 

Under  the  regulations  for  the  degrees  of  A.M.  and  Ph.D.  the  following  courses 
^n&^S^  SSS&l^"^  Wh°  h3Ve   had  a"  thC  und^raduat?  courses 

201-202— Methods  of  Mining.  Critical  study  of  methods  used  in 
some  mining  region,  or  for  a  certain  class  of  deposits;  output  per  man, 
amount  of  timber  and  explosive  required,  and  other  details  affecting 
cost.  Study  of  conditions  as  determining  choice  of  method.  Deter- 
mination of  loss  of  mineral  in  mining.     Accidents  to   men. 

203-204— Mining  Plant.  Critical  study  of  rock  drilling,  or  coal  cut- 
ting, or  hoisting,  or  haulage,  or  ventilating  plant  at  some  mine  or 
mines.     Determination  of  efficiency  and  conditions  affecting  same. 

207-208— Ore  Dressing.  Critical  study  of  some  detail  of  the 
ordinary  dressing  methods,  crushing,  or  screening,  or  classification,  or 
jigging,  or  slime  treatment,  or  dry  concentration,  or  magnetic  separa- 
tion, or  milling  of  gold  or  silver  ores,  or  mechanical  preparation  of 
coal.    Determination  of  efficiency,  and  of  conditions  essential  to  success. 

213-214— Economic  Studies  in  Mining.  Study  of  existing  con- 
ditions affecting  the  production  and  cost  of  some  mineral  or  metal, 
as,  for  example,  anthracite  coal,  copper,  or  gold. 

PHYSICAL    EDUCATION 
A1-A2— Physical  Education.    6  lectures  on  personal  hygiene  dur- 
ing   January.      2    hours    a    week    of   athletics    and    elementary   graded 
gymnastic    exercises    during    the    whole    year,    except    January.      Dr. 
Skarstrom. 

B1-B2— Physical  Education.  6  lectures  on  public  and  personal 
hygiene  during  January.  2  hours  a  week  of  athletic  and  gymnastic  exer- 
cises during  the  whole  year,  except  January.  Students  must  report  at 
the  gymnasium  office  within  two  days  after  the  opening  of  the  semester 
and  fill  out  cards  indicating  the  branch  of  athletics  in  which  they  intend 
to  satisfy  the  requirements  of  the  course.  Professor  Meylan,  Mr. 
Fette,  and  Assistants. 

Note— Students  getting  a  grade  of  B  or  better  in  Physical  Education  A  ar<» 
not   required  to  take   Physical   Education   B1-B2.  Education    A    are 
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Mechanics    1— Statics.     2  hours.     Professor   Burnside,  Dr.   Webb, 

Mr.     SCHROEDER,    Mr.     WlIITTEMORE. 

Class  is  divided  into  small  sections  for  recitations.  Coplanar  Statics  is  treated 
by  both  algebraic  and  graphical  methods.     Text:   Maurer's  Technical  Mechanics. 

Required  of  all  first  year  students  in    Engineering.     Pre-requisite:    Entrance 
Physics  and  Entrance  Mathematics    (including   Trigonometry). 

Physics  3-4— General  Physics:  Mechanics,  Wave-Motion,  Heat 
and  Light.  3  lectures  and  2  recitations.  Professor  Wendell,  Dr. 
Morse,  Mr.  Farwell,  Dr.  Weinrich,  Mr.  Severinghaus,  Mr.  Kendall, 
Mr.  Nelms,  Mr.  Scott,  Mr.  Brainin. 

Mechanics— Newton's  laws  of  motion;  accelerated  linear  and  angular  motions* 
dimensions;  systems  of  weights  and  measures;  energy,  work,  power;  transforma- 
tions of  energy;  conservation  of  energy;  curvilinear  motion  with  applications; 
gravitation;  linear  and  angular  simple  harmonic  motion;  pendulum;  wave-motion- 
sympathetic   vibrations;    elements    of  hydrostatics. 

Heat — Nature  of  heat;  expansion;  thermometry;  calorimetry;  specific  heat;  me- 
chanical equivalent  of  heat;  change  of  state;  saturated  vapors  and  hygrometry 
continuity  of  state;    conduction;  convection;   radiation. 

Light — General  discussion  of  wave-theory;  reflection;  refraction;  total  reflection- 
index  of  refraction  and  measurement;  lenses;  dispersion;  spherical  and  chromatic 
aberration;  optical  instruments;  photometry;  color;  fluorescence  and  phosphores- 
cence;   radiant  energy;    spectrum   analysis;    polarization   of  light. 

Required  of  all  first  year  students  in   Engineering.      Pre-requisite:    Entrance 
Physics  and  Entrance  Mathematics   (including  Trigonometry). 

Physics  5— Electricity.  3  lectures  and  2  recitations.  Professor 
Wendell  and  instructors. 

Phenomena  of  electrostatics;  capacity  and  condensers;  electrometers;  current 
electricity  and  methods  of  production;  Ohm's  law  with  applications;  Joule's  law 
with  applications;  thermo-electricity;  magnetic  action  of  currents  with  applications; 
electrical  units;  electro-magnetic  induction;  inductance. 

Required     of     all     second     year     students     in     Engineering.      Pre-requisite: 
Physics  3-4. 

Physics  43-44— Physical  Laboratory.  3  consecutive  hours  a  week 
throughout  the  year.  Professor  Wendell,  Dr.  Morse,  Dr.  Weinrich, 
Mr.  Severinghaus,  Mr.  Kendall,  Mr.  Nelms,  Mr.  Scott,  Mr.  Brainin, 
Mr.   Murphy,  Mr.  Frazee. 

This  course  consists  of  quantitative  experiments  with  reports  in  mechanics,  light, 
heat,    electricity,  and  magnetism.      Methods   of    computation,   plotting  and  the    pre- 
cision of  measurements  are  discussed  in  connection  with  the  experiments. 
Pre-requisite:   Physics  3-4.     Parallel:   Physics   5. 

Physics  55— Physical  Measurements.    2  hours.    Professor  Hallock. 

Critical   discussion  of  physical   measurements  and  computations. 
Pre-requisite:    Physics  3-4.      Parallel:    Physics    5. 

Mechanics  102 — Mechanics.  5  hours.  Professor  Burnside,  Dr. 
Webb,  Mr.  Schroeder,  Mr.  Whittemore. 

This  course  is  a  continuation  of  Mechanics  1,  using  the  same  text  book.  The 
class  is  divided  into  small  sections  for  recitations.  Statics  is  completed;  centers  of 
gravity  and  moments  of  inertia  of  areas  treated  with  aid  of  calculus;  displace- 
ment, velocity,  acceleration,  motions  of  translation  and  rotation,  work  and  energy, 
power,  efficiency,  impulse  and  momentum  are  all  treated  with  special  reference  to 
engineering  problems. 

Required    of   all    second    year   students   in    Engineering.      Pre-requisite:    Me- 
chanics 1,   Physics  3,  and  Mathematics  64-65. 

Mechanics  105 — Thermodynamics.     2  hours.     Professor  Wills. 

An  idea  of  the  nature  of  the  course  may  be  obtained  from  the  following  topical 
headings:  The  nature  of  heat;  thermometry;  calorimetry;  heat  and  work  diagrams; 
the   First  Law;   applications  to  gases,   perfect  and   actual;  the  work  of   Carnot;   the 
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Second  Law;  the  Kelvin  absolute  scale  of  temperature;  the  combination  of  the  two 
laws;  application  to  the  problem  of  change  of  state;  the  properties  of  saturated 
^'^superheated  steam;   theory  of  the  "plug  experiment";   the  flow  of  fluids  from 

Pre-requisite:  Mechanics  102. 

Mechanics  107-108— Theory  of  Electricity  and  Magnetism.  2  hours 
first  half-year,  3  hours  second  half-year.    Professor  Wills. 

The  fundamental  principles  of  electricity  and  magnetism  are  developed  and  dis- 
cussed with   particular   reference  to  the  bearing  which  they  have  in  relation  to  the 
science  of  electrical   engineering.      The  course  concludes   with  an   introduction   into 
the  theory  of  alternating  currents. 
Prerequisite:  Mechanics  102. 

Mechanics  109-110— Theory  of  Alternating  Current  Machines  and 
Theory  of  Electrical  Circuits.  4  hours  first  half-year,  3  hours  second 
half-year.     Professor  Pupin. 

Prerequisite:   Mechanics  107-108. 

Physics  52— Conduction  of  Electricity  in  Gases.  5  2-hour  lectures. 
Professor  Davis. 

Mathematical  Physics  201— Vector  Analysis  and  Mathematical 
Introduction.     4  hours.     Professor  Wills. 

Mathematical  Physics  203-204— Partial  Differential  Equations  of 
Physics.     2  hours.     Professor  Wills. 

Laplace's  Equation;  Poisson's  Equation;  Equation  of  Heat  Conduction;  Teleg- 
raphers Equation;   1-ouner's  Series;   Spherical  Harmonics;   Bessel's  Functions. 

Mathematical  Physics  206— Mechanics.  4  hours.     Professor  Wills. 

An  advanced  course  ,on  Mechanics  developed  with  special  reference  to  the  gen- 
eral methods  of  d'Alembcrt,   Lagrange,  Jacob!  and  Hamilton. 

Mathematical  Physics  208— Elasticity.    2  hours.     Professor  Wills. 

Mathematical  Physics  215-216— Electricity  and  Magnetism  and 
Electro-Magnetic  Theory  of  Light.       2  hours.    Professor  Pupin. 

Mathematical  Physics  223-224— Recent  Advances  in  Electrical 
Theory.      2  hours.     Professor  Pupin. 

For  other  courses  in  physics  and  mathematical  physics  the  student  is 
referred  to  the  Announcement  of  the  Division  of  Mathematical  and 
Physical  Science. 

SHOP  WORK 

The  shop  work  is  done  in  the  Macy  Building,  which  has  full  modern 
equipment,  including  the  best  types  of  improved  machine  tools  for  wood 
working  and  metal  working  in  shops  that  provide  for  groups  of  twenty 
to  twenty-four  students  to  a  section. 

Shop  work  in  wood  is  planned  to  lead  up  to  pattern  making  and 
foundry  work.  The  equipment  includes  benches  for  joinery  and  pattern 
making  with  the  necessary  hand  tools  and  individual  speed  lathes  for 
wood  turning,  a  motor-head  speed  lathe  of  large  size,  36-inch  band  saw 
and  trimmers  of  the  most  recent  type.  There  are  also  available  for 
working  up  stock  and  special  projects  a  saw  bench,  sur facer,  jointer, 
mortising  machine,  all  of  the  latest  type. 

Shop  work  in  metal  includes  foundry,  forging  and  machine-shop 
practice.  The  foundry  contains  molding  benches  for  twenty  students, 
and  necessary  tools  for  all  kinds  of  bench  work  in  snap  flasks,  floor 
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molding,  loam  work,  and  the  application  of  sweeps  to  the  making  of 
molds,  together  with  melting  pits  for  the  melting  of  brass  and  bronzes 
and  a  cupola  for  melting  cast  iron.  In  the  forge  shop  there  are  twenty 
forges  with  anvils,  tools  and  vises,  a  30-pound  Bradley  power  hammer 
and  a  400-pound  Billings  and  Spencer  drop-press.  The  machine  shop 
contains  lathes,  swinging  from  twelve  to  twenty  inches,  planers,  drill- 
presses,  universal  milling  machines,  and  grinding  machines,  with  ex- 
amples of  direct-connect  motor  and  belt  drives  for  each.  A  Jones  and 
Lamson  flat  turret-lathe  and  a  Warner  and  Swasey  screw  machine  ar^ 
used  for  demonstrating  modern  methods  of  economical  repetition  pro- 
duction. In  conjunction  with  all  the  shops  there  is  a  well-equipped 
tool-room,  the  attendance  record  is  kept  by  a  time-keeper's  recording 
clock,  and  the  organization  and  atmosphere  of  a  commercial  shoo  are 
aimed  at. 

i_Wood-turning  and   Pattern-making.     2  afternoons.     Mr.   Con- 

STANTINE. 

Shopwork,  demonstrations  and  shop  visits.  The  construction  of  typical  patterns 
and  core  boxes,  solid,  split  and  piece,  involving  the  use  of  bench  tools  and  turning 
lathe.      Second  year  students  in   Mechanical   Engineering.  turning 

2— Molding  and  Foundry  Practice.  1  afternoon.  Professor 
Sleffel. 

Shopwork,  demonstrations  and  shop  visits.  Bench  molding  with  type  patterns, 
swept  work  in  green  sand  and  loam  and  molding  in  dry  sand.  Second  year  students 
in  Mechanical  Engineering. 

1  oS— Machine  Work.     Mr.  Walsh. 

As  below.  Mechanical  Engineering.  Section  I,  three  weeks  in  Tune;  Section  II, 
three  weeks  in  September.     Second  year. 

Pre-requisite   shopwork    10s   or  equivalent. 

11— Machine    Work.     2   afternoons.    Mr.    Walsh. 

Shopwork,  demonstrations  and  shop  visits.  Practical  work  with  the  lathe,  planer, 
drill,  shaper,  milling  machine,  grinder  and  turret  lathe.  Assembling,  erection  and 
riggers   work.      Third   year   students   in    Mechanical    Engineering. 

12 — Forging.     2   afternoons.     Professor    Sleffel. 

Shopwork,  demonstrations  and  shop  visits.  Management  of  fire,  shaping,  draw- 
ing, upsetting,  swaging,  welding,  tempering  and  die-forging.  Work  on  drop  and 
helve  hammers.     Second  year  students  in   Mechanical   Engineering. 

13-14— Machine  Work.     1  afternoon.    Mr.  Walsh. 

As  above.     Second  year  students  in  Electrical  Engineering. 

15— Forging  and  Foundry  Practice.  1  afternoon.  Professor 
Sleffel. 

As  above.     Second  year  students  in  Civil  Engineering. 

16— Machine  Work.     1   afternoon.     Mr.  Walsh. 

As  above.     Second  year  students  in  Civil  Engineering. 

18S— Pattern-making,  Forging,  and  Machine  Work.  Three  weeks 
in  June.    Professor  Sleffel,  Mr.  Constantine  and  Mr.  Walsh. 

As  above.     Second  year  students  in  Chemical  Engineering. 

ZOOLOGY 

7— Sanitary  Biology.  2  afternoons  for  6  weeks.  Professor  Calkins 
and  Assistant. 

General  principles  of  biology.  Biological  activity — function,  metabolism,  sym- 
biosis, etc.;  special  biology — unicellular  animals  and  plants  of  drinking  waters 
causes  of  trouble,  etc. 

Pre-requisite:  Bacteriology  101. 
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SCHEDULE  OF  PRE-REQUISITES  FOR  SUBJECTS  UNDER 
THE  FACULTY  OF  APPLIED  SCIENCE 


Subject 
Astronomy 

105 — Geodesy.     (For  C.  E.) 

106 — Geodesy.      (For  C.  E.) 
107S — Geodetic    Surveying    (For   C. 
E.) 

Bacteriology 

101 — Sanitary  Bacteriology 

Botany 

7 — Growth  and  Character  of  Timber 
Chemistry 

3-4 — General  Inorganic 
7-S  —Inorganic 


ioi-io2 — Advanced    Inorganic 

2 1  -22 — Elementary    Physical    Chem- 
istry 

121-122— Physical    Chemistry 


38— Theoretical   Electro-Chemistry 


23-24 — Physical  Chemistry 
41-42 — Organic,  lectures 
43"44 — Organic  laboratory 

14 1 -142 — Organic,  general 


143-144 — Organic,  conferences 
149 — Advanced      Organic.       (For 

Chem.  E.) 
1 51-152 — Advanced    Organic    Chem. 

Laboratory  course. 


61   or  62 — Qualitative  Analysis 

65 — Quantitative  Analysis  Inorganic 

66 — Quantitative  Analysis  Inorganic 

1 61  -1 62 — Quantitative  Analysis  Inor- 
ganic 


Pre-requisite 

Math.    64-65    (Differential    and    Integral 

Calculus) 
Astron.  105  (Geodesy) 
Astron.  106  (Geodesy) 


Chem.    65    (Quantitative   Analysis) 


Pre-requisite 

Entrance  Chemistry  or  Chem.A. 
Chem.  21-22    (Elementary  Physical 

Chemistry) 
Chem.  163-164    (Quantitative  Analysis) 
Chem.  83-84  (Industrial  Chemistry) 
Chem.  101-102   (Advanced  Inorganic) 
Chem.  171  (Organic  and  Sanitary  Analy- 
sis) 
Chem.  170  (Assaying) 
Chem.  183-184  (Industrial  Electro-Chem- 
istry) 
Chem.  3-4  (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Analysis) 
Chem.  3-4  (General  Inorganic) 
Phys.    3-4    (Elementary   Mechanics   and 

General  Physics) 
Chem.    3-4    (General    Inorganic);    61-62 

(Quantitative  Analysis) 
Phys.    3-4    (Elementary    Mechanics    and 

General  Physics) 
Math.    64-65    (Differential   and    Integral 

Calculus) 
Chem.  3-4   (General  Inorganic) 
Chem.  65    (Quantitative  Analysis,   Inor- 
ganic) 
Phys.    3-4    (Elementary    Mechanics   and 

General  Physics) 
Math.    64-65    (Differential   and    Integral 

Calculus) 
See   121-122 

Chem.  3-4  (General  Inorganic) 
Chem.  3-4    (General  Inorganic) 
Chem.  41-42  (Organic)  or  parallel 
Chem.      21-22       (Elementary      Physical 

Chemistry) 
Chem.    161-162    (Quantitative    Analysis, 

Inorganic) 
Chem.  141-142  (Organic)  or  parallel 
Chem.  41-42  (Organic) 


Chem.  3-4  (General  Inorganic) 
Chem.    41-42    (Organic — lectures) 
Chem.  43-44  (Organic  Lab.) 
Entrance  Chemistry  or  Chem.A. 
Parallel  Chem.  3-4    (General  Inorganic) 
Chem.  3-4  (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Analysis) 
Chem.  3-4  (General  Inorganic) 
Chem.   61    or  62    (Qualitative   Analysis) 
Chem.  3-4  (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Analysis) 
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Subject 
Chemistry  (Continued)  : 

103-104— Quantitative  Analysis 


Pre-requisite 


167-168 — Advanced  Inorganic  Analy- 
sis 

171 — Organic    Analysis 


Chem.  3-4  (General  Inorganic) 

Chem.  01  or  62  (.Qualitative  Analysis) 

Chem.  101-102   (Advanced  Inorganic) 

Chem.  121-122  (Physical  Chemistry) 

Chem.  163-164  (Quantitative  Analysis) 

Chem.  41-42  (Organic) 

Chem.    161-162    (Quantitative    Analysis, 

i73-i74-Advanced  Organic  Analysis  Chem1"?;?8 (Organic  Analysis)  or  Chem. 

175    (Food  Analysis) 
Chem.   41-42,   161-162 
Chem.    41     (Introductory    Organic) 


175— Food  Analysis 

J7<> — Chemistry  of  Food  and  Nu 
trition 

81-82— Industrial  Chemistry,  gen- 
eral course 

83— Industrial  Chemistry,  special 
course 

84 — Food   Chemistry 

88 — Industrial     Chemistry,     labora- 
tory practice 
-Industrial     C 
tory   practice 


tory  practice 
89 — Industrial     Chemistry,     labora- 


9596 — Industrial  Chemistry 

197 — Chemical  Factory  Machinery 
and  Apparatus 

198— Chemical  Factory  Apparatus 
and  Machines 

80a — Factory  Inspection  and  Sum- 
mer Memoir.  (For  Chem.  and 
Chem.   E.)     (Second  Year) 

800 — factory  Inspection  and  Sum- 
mer Memoir.  (For  Chem.  and 
without  memoir  for  Chem.  E.) 
(Third  Year)  ' . 

93-94 — Electro-Chemistry 

181  or  182— Practical  Electro-Chem- 
istry 


183-184— Industrial   Electro-Chem- 
istry 

Civil  Engineering 

2— Theory  of  Surveying 

l5 — Surveying    (between    First  and 
Second  Years) 

21 — Highway  Engineering 

23 — Theory  of  Railroad   Surveying 

•25 — Surveying  (between  Second  and 
Third  Years) 

26— Surveying   (between  Third  and 
Fourth  Years) 

27 — Surveying  (between  Second  and 
Third  Years) 

28 — Surveying  (between  Second  and 
Third  Years) 

51-52 — Theory    of   Railroad  Survey- 
ing 

53-54 — Elasticity  and   Resistance  of 
the  Materials  of  Engineering 

55— Standard     Methods     of     Water  1 
Analysis 

57a — Statistics    and    Interpretation 
of  Water  Analyses 

57b — Drainage  of  Marshes  and  Low- 
lands 

58 — Masonry  Structures 

59 — Sanitary  Engineering 

6x — Analytical  Theory  of  Trusses 


Chem.  3-4  (General  Inorganic) 

Chem.  3-4  (General  Inorganic)  61  or  62 

Chem.  81-82   (Industrial  Chemistry)  and 

Chem.  41    (.Elementary  Organic) 
Chem.  3-4   (General  Inorganic) 
Chem.    81-82    or   41-42 
Chem.     3-4      (General     Inorganic)     and 
„,     Chem.  41    (Elementary  Organic) 
Chem.  61  or  62  (Qualitative  Analysis) 


Chem.   3-4 

Chem.  61   or  62 

Chem.  41-42 

Chem.  65  or   Quantitative 


Chem.    3-4    (General   Inorganic) 
Chem.  61-62  (Quantitative  Analysis) 
Chem.  65    (Quantitative  Analysis,   Inor- 
ganic) 
Chem.   3-4   (General  Inorganic) 
Chem.  65    (Quantitative   Analysis,    Inor- 
ganic) 


C.E.  2  (Theory  of  Surveying) 

C.E.  15  (Surveying) 
C.E.  15  (Surveying) 

C.E.  25  (Surveying) 

C.E.  15  (Surveying) 

C.E.  23  (Theory  of  Railroad  Surveying) 
C.E.  27  (Surveying) 
C.E.  15  (Surveying) 

Mech.  102  (Analytical  Mechanics) 

Zoologv  7  (Sanitary  Biology) 
Bacteriology    101    (Sanitary   Biology) 
C.E.  50  (Sanitary  Engineering) 
Bacteriology    101     (Sanitary    Biology) 
C.E.  59  (Sanitary  Engineering) 

Mech.  102   (Analytical  Mechanics) 
Min.  5  (Minerals  of  Building  Stones) 
Chem.  82    (Industrial  Chemistry) 
Mech.  102  (Analvtical  Mechanics) 
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Subject 
Civil  Engineering  {Continued) 


-Graphic  Statics 
-Graphic    Statics     (abridged 
course) 


i'RE-REQUISITE 


Mech.  102  (Analytical  Mechanics) 
Mech.  102  (Analytical  Mechanics) 


-Surveying   (between  Third  and  j  C'E- &J2   (Theory  o£  Railroad  Survey 
Fo"rth  Years>  1  C.E.^5  (Surveying) 


75 — Hydraulics 
76 — Hydraulics. 


77- 


75  abridged) 
-Hydraulics. 


78 — Hydraulics. 

M.    E.) 
85 — Foundations 


Math.    64-65    (Calculus) 
Mech.  102  (Analytical  Mechanics) 
Math.    64-65    (Calculus) 
Mech.  102  (Analytical  Mechanics) 
Math.    64-65    (Calculus) 
Mech.  102  (Analytical  Mechanics) 
Math.    64-65    (Calculus) 
(For  Chem.  E.  and  Mech.  102  (Analytical  Mechanics) 


(For  E.M.)    (C.E. 
(For    E.E.) 


8 — The  Design  and  Construc- 
tion of  Bridges,  Roofs  and 
Buildings.  (For  Sanitary  Engs.) 


89-90 — Railroad    Engineering 
94 — Design     and     Construction 

Sewers,  and  River  and 

Improvements 


C.E.  58  (Masonry  Structures) 

Geol.  18  (General  Geology) 

C.E.  53-54  (Elasticity  and  Resistance  of 

the   Materials   of   Engineering) 
C.E.  61  (Analytical  Theory  of  Trusses) 
C.E.  62  (Graphic  Statics) 
C.E.  71  (Surveying) 


ion     of  f  C.E.  7*  (Hydraulics') 

Harbor  ^  C.E.    59    (Sanitary    I 

I  C.E.    26    (Surveying) 


Engineering) 


96 — Principles  of  Hygiene,  Sanitary 
Science  and  Public  Health 


97 — Water-Supply      and      Irrigation 

Engineering 
99-100 — Graduation  Thesis 

Drafting 

1  or  2 — Elements     of     Mechanical 

Drafting 
3  or  4 — Descriptive  Geometry 
5  or  6 — Graphics 

7  or  8 — Structural   Drafting 

Economics 

2 — Introduction  to  Economics 

Electrical  Engineering 

2 — Elements     of     Dynamo     Electric 

Machinery 
4 — Electric   Distribution 

(For  E.M.   MetE.  and  C.E.) 

Parallel  E.E.  72  (Direct  Cur- 
rent  Laboratory) 
52 — Design  of  Direct   Current  Ma- 
chinery 
54 — Design  of  Alternating  Current 
Machinery 

Parallel    Mech.    no    (Th.    of 
Variable     Currents)     and     E.E. 
175-176 
72 — Direct  Current  Laboratory 

Parallel  E.E.  4   (Electric  Dis- 
tribution) 

73 — Direct     Current    Laboratory. 
(For  M.E.) 

Parallel    E.E.    101     (Dynamo 
and  Motor  Practice) 


Zoology  7  (Sanitary  Biology),  Bacte- 
riology 101  (Sanitary  Bacteriology), 
C.  E.  59   (Sanitary  Engineering) 

57a  (Statistics  and  Interpretation  of 
Water  Analysis) 

57b  (Drainage  of  Marshes  and  Low- 
lands) 

C.E.  26  (Surveying) 

C.E.    59    (Sanitary    Engineering) 

C.E.  75  (Hydraulics) 


Draft.   1  or  2   (Elements  of  Mechanical 

Drafting) 
Draft.  3  or  4  (Descriptive  Geometry) 
Draft.   1  or  2   (Elements  of  Mechanical 

Drafting) 
Draft.  3  or  4  (Descriptive  Geometry) 


Phys.  3,  4  and   5    (Elements  of  Electri- 
cal   Engineering) 
E.E.     2.     (Elements    of    Dynamo    Elect. 

Mach'y) 
Phys.  5 

E.E.   2   and    101    (Elements   of  Dynamo 
Elect.    Machinery) 

E.E.  52,  103  and  105   (Design  of  Direct 

Current   Machinery) 
Mech.  108 

E.E.     2     (Elements    of    Dynamo    Elect. 

Mach'y) 
Phys.  5  (Electricity  and  Magnetism) 
Phys.  43  or  44    (Phys.  Laboratory) 
E.E.     2     (Elements    of    Dynamo     Elect. 

Mach'y) 
Phys.  5  (Electricity  and   Magnetism) 
Phys.   43   or  44    (Phys.   Laboratory) 
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Subject 


.".'I  site 


Electrical  Engineering    (Continued) 


;  S  -Alternating  Current  Laboratory. 

(For    E.M.    and   M.E.)     (Short 

course) 
76— Alternating  Current  Laboratory. 

(For  C.E.) 

98— Thesis   (Optional) 

Parallel    Subjects    of    Fourth 
Year 
101 — Generator  and  Motor  Practice 
Parallel    E.E.    73    or    173-174 
(Direct      Current      Laboratory) 

103— Electric  Motors.     (For  E.E.) 


E.E, 

E.E. 
11.  K 
E.E 
E.E 
E.E 
All 


4  or    104  (Electric  Distribution) 

72  (Direct  Current  Laboratory)    or 

73  (Direct  Current  Laboratory) 
.  4  (Electric  Distribution) 

72  (Direct  Current  Laboratory)    or 

.  73  (Direct  Current  Laboratory) 
courses 


E.E. 


E.E 

E.E. 


103A— Electric  Motors.     (For  M.E.)  J  |f' 

104 — Electric  Distribution  ihv 

105 — Alternating   Current   Engineer-  E.E. 

ing.    (For  E.E.) 

105  A — Alternating      Current      Engi-  E.E. 

neering.     (For  M.E.)  E.E. 


2     (Elements    of     Dynamo     Elect. 
Mach'y)   and   Phys.    5 

104  (Electric  Distribution) 
173174  (Direct    Current    Labora- 
tory) 
104    (Electric  Distribution) 
73  (Direct  Current  Laboratory) 
3.  s  and  E.E.  2  and  E.E.    101  ' 
104    (Electric    Distribution) 

104  (Electric  Distribution) 

101  (Dynamo  and   Motor  Practice) 


106 — Electric   Plants 

107-108 — Plant  Inspection 

Parallel  course  E.E.    105 
109-110 — Telegraphy   and  Telephony 
1 12A— Electric    Raihvay.(For    C.E.)  J 
Parallel     course    E.E.     76     or    \ 
I75-I/6 
173-174 — Direct  Current  Laboratory  I 
Parallel    E.E.    10 1     (Dynamo  < 
and  Motor  Practice)  ( 

175-176 — Alternating    Current    Lab- 
oratory 

Parallel  Mech.  109  (Theory  of 
Alternators  and  Transformers), 
Mech.  no  (Theory  of  Variable 
Currents),  E.E.  103  (Electric 
Motors)  and  105  A.  C.  Eng. 
177 — Instrument  Laboratory 


(Electric    Distribu- 


E.E.     104    and 

tion) 
E.E.  104  (Electric    Distribution) 

E.E.  2  and   E.E.    104 
E.E.  I73-I74  and  E.E.  104 

E.E.  72 
E.E.  4 

E.E.  2  (Elements  of  the  Dynamo) 
Phys.   5  and  43  or  44 

E.E.  104  (Electric  Distribution) 
E.E.    173174    (Direct    Current   Labora- 
tory) 


E.E.    173-174    (Direct    Current    Labora- 
tory) 


Geology 


4 — Petrography 

5-6 — General  Geology 

16 — Index  Fossils 
18 — General  Geology 

20 — Rocks    and    Soils 
Si — Principles    of    Geology 
52 — Discussion  of  Secondary  Struc- 
tural Features 
101 — Applied    Petrology 
105-106 — Economic  Geology 
107-108 — Invertebrate  Palaeontology 
no — Geological    Examinations    and 

Surveys 
112 — Field  Geology 


201-202 — Petrology 


Min.  6  (Optical  Mineralogy) 

Min.   1-2  (Descriptive  and  Determinative 

Mineralogy)    Parallel    course 
Geol.    5-6    (General   Geology) 
Min.  5  (Minerals  of  Building  Stones) 
Geol.   18   (General   Geology) 
Geol.  6  (General  Geology)  or 
Geol.  18  (General  Geology) 
Geol.  6  (General  Geology)  or 
Geol.  18  (General  Geology) 
Geol.  4    (Petrography) 
Geol.   5-6   (General  Geology) 
Antecedent  work   in   Geology 
Geol.  105-106  (Economic  Geology) 

Geol.  6  (General  Geology) 
Geol.    105-106    (Economic   Geology)    de- 
sirable, not  prerequisite 
Geol.  4  (Petrography) 


Law 


a — Business  Law 
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Mathematics 


Subject 


Pre-requisite 


i  (or  2) — Algebra 

64  (or  67) — Calculus 

3  (or  4) — Analytical  Geometry 

65  (or  68)— Calculus 


Entrance  Mathematics 
Math.  3  (Anal.  Geometry)  or  Math.  4 
Entrance  Mathematics 
Math.    3    or    4    (Anal.    Geometry)    and 
Math.   64  or  67    (Calculus) 


Mechanical  Engineering 


Machinery. 


Phys.    3-4    (General    Physics) 

M.E.  11-12  (Steam  Power  Machinery)  or 


11-12 — Steam    Power 

(For   M.E.) 
13-14 — Steam    Power    Machinery 
(Short  M.E.   11-12)     (For 
other   than  M.E.) 

1  M.tL.  11-12 
17-18— Engineering  Thermodynamics  •<  M.E.  13-14  (Steam   Power  Machinery)" 

I  Mech.  102   (Analytical  Mechanics) 
M.E.  39-40  (Machine  Design) 
M.E.  11-12  (Steam  Power  Machinery) 
M.E.  17-18  (Eng.   Thermodynamics) 
M.E.  19  (Engine  Design) 
M.E.  33  (Standard  Tests  and  Research 

Methods 
M.E.  96S  (Steam   Power  Plant   Summer 

Work) 
M.E.  11-12  (Steam  Power  Machinery) 


19-20 — Engine  Design 


22 — Gas  Power 
25 — Steam  Power 


3 1-32 — Standard  Tests  and  Research 
Methods 

Parallel     M.E.     17-18     (Engi- 
neering Thermodynamics) 


fM.E. 
I  M.E. 


33 — Standard     Tests     and     Research  -j  Methods 


[8   (Eng. 
-32     Std. 


Thermodynamics) 
Tests    and    Research 


Methods   (Continuation  of  M.E. 

31-32) 
35-36 — Kinematics  of  Machinery 
37 — Machine  Design 
39-40 — Machine  Design 
Parallel  C.E.  53 
41 — Machine   Design    (Short  course 

of  M.E.  39-40) 
Parallel     C.E.     53     for     E.E. 

C.  E.  S3  for  C. 


I  M.E.  96S  (Steam    Power   Plant   Summer 
[  Work) 

Math.  3-4  (Analytical  Geometry) 

Drafting  7 

M.  E.  35-36  (Kinematics  of  Machinery) 


E. 


52 — Organization    and   Management 
Parallel  M.E.   68 


j  M.E.  35-36  (Kinematics   of  Machinery) 
(For  M.E.)  j  M.E.    60   Hydraulic  Laboratory 
1  C.E.  78  (Hydraulics) 
-(M.E.  63    Hydraulic   Laboratory 
(For  C.E.)  |  C.E.  75  (Hydraulics) 

M.E.  78  (Kinematics  of  Machinery) 


53 — Steam  Turbines. 


54 — Shop  Processes 


(For  M.E.) 
(For  E.E.) 


56- 


-Water  Power  Installations 

Parallel  M.E.    60    (Hydraulic 
Laboratory) 
59 — Empiric  Design 


(  M.E.  17-18  (Eng.  Thermodynamics) 
1  M.E.  31-32  (Standard  Tests,  etc.) 
j  M.E.  17-18  (Eng.  Thermodynamics) 
I  M.E.  76  (Standard  Tests,  etc.) 

M.E.  94S  (Shop    and    Factory:    Summer 
Work) 

M.E.  39  (Machine  Design) 

C.E.  77  (Hydraulics) 


(For 


78. 


60 — Hydraulic  Laboratory, 
E  E  ) 

'Parallel  (For  M.E.)  C.E 
(Hydraulics) 
63 — Hydraulic  Laboratory 

Parallel  C.E.  75  (Hydraulics) 
64 — Air  Machinery 
66 — Elevators  and   Conveyors 
68 — Shops    and    Factories 

Parallel  M.E.   52    (Organization 
and    Management) 
70 — Pumping  Machinery  M.E 

Parallel  C.E.  78  (Hydraulics) 


Draft.    1  or  2 
Drafting) 
C.E.  77  (Hydraulics) 


(Elements  of  Mechanical 


M.E.  17  (Eng.  Thermodynamics) 
M.E.  39  (Machine  Design) 
E.E.  103  (Electric  Power) 


[7  (Eng.  Thermodynamics) 
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Subject 
Mechanical  Engineering  (Continued): 


Pre-requisite 


7-* — Gas  Power 
74 — Gas  Power 
70 — Standard  Tests.      (For   E.M. 

Chem.E.  and  Met.E.) 
77— Standard  Tests.      (For  C.E., 

Chem.E.) 


78 — Kinematics 

80 — Experimental    Mechanical    Lab- 
oratory 

Parallel   course    M.E.    14 

94S — Shop    and    Factory    Summer 
Work 


82 — Heating  and  Ventilation 

96S — Steam  Power   Plant  Summer 

Work 
97 — Mechanical  Apparatus   for 

Chemical    Factories 


M.E.  17-18  (Eng.  Thermodynamics) 
M.E.  17-18  (Eng.  Thermodynamics) 
M.E.  13-14  (Steam  Power  Machinery) 
M.E.  17  (Eng.  Thermodynamics) 
M.E.  13-14  (Steam  Power  Machinery) 
M.E.  17  (Eng.  Thermodynamics) 
M.E.  17-18  (Eng.  Thermodynamics) 

(For  C.E.) 
Math.  3-4  (Analytical  Geometry) 


f  Sh.Wk.  1  (Wood  Turning  and   Pattern 

I  Making) 

-j  Sh.Wk.  2  (Molding  and   Foundry   Prac- 
tice) 

I  Sh.Wk.  12  (Forging) 
M.E.  17-18  (Eng.  Thermodynamics) 
M.  E.  31-32  (Standard  Tests,  etc.) 
M.E.  17-18  (Eng.  Thermodynamics) 
M.E.   11   and  12 
M.E.    17  and   18 


Metallurgy 


1 01 — General  Metallurgy 


^34 


— Metallurgy  of  Copper 

— Metallurgy  of  Copper.  (Ad- 
vanced Course) 

— Metallurgy    of 
Gold  and  Zinc 

— Metallurgy  of  Lead,  Silver 
Gold,  Zinc  and  the  Minor  Met 
als.      (Advanced  Course) 

— Metallurgy  of  Iron  and  Steel 
Prerequisite   or  Parallel  Met 
101    (General  Metallurgy) 

— Metallurgy  of  Iron  and  Steel 


Phys.^  3-4  (Elementary  Mechanics  and 
General  Physics) 

Chem.  3-4  (General  Inorganic  Chemis- 
try) 

Met.  1 01  (General  Metallurgy) 

Met.  in  (Metallurgy  of  Copper) 


138— Metallurgy  of  Iron  and  Steel. 

(Advanced  Course) 
[41 — Electrometallurgy 


Lead,     Silver,      Met.  111  (Metallurgy  of  Copper) 

Met.    122    (Metallurgy  of  Lead,   Silver, 
Gold  and  Zinc) 

Phys.    3-4    (Elementary   Mechanics   and 

General  Physics) 
Chem.  3-4  (General  Inorganic  Chemistry) 
Phys.    3-4    (Elementary    Mechanics   and 

General  Physics) 
Chem.  3-4  (General  Inorganic  Chemistry) 
Met.  131  (Metallurgy  of  Iron  and  Steel) 


1 48 — Electrometallurgy.     (Advanced 

Course) 
T51 — Constitution  and  Properties  of     Met.    in 

Alloys 
Parallel    Met.     131     (Met.    of 

Iron    and    Steel) 


Phys.    3-4    (Elementary    Mechanics   and 

General  Pl^sics) 
Chem.  3-4  (General  Inorganic  Chemistry) 
Met.  141  (Electrometallurgy) 


155-6 — Metallography  of  Iron,  Steel 

and  Industrial  Alloys 
158 — Constitution  and  Properties  of 

Alloys.    (Advanced  Course)  . 
72 — Metallurgical  Laboratorv 

Parallel  Met.  122  (Metallurgy 

of  Lead,  Silver,  Gold  and  Zinc) 
1 71 — Metallurgical    Laboratory 

Parallel    Met.     10 1     (General 

Metallurgy)       and       Met.       m 

(Metallurgy    of    Copper) 
172 — Metallurgical    Laboratory 
173-174 — Metallurgical    Laboratory 


Met.  131  (Met.  of  Iron  and  Steel)  or 
Met.  134  'Metallurgy  of  Iron  and  Steel) 
Met.  151  (Constitution  and  Properties  of 

Alloys) 
Met.  in  (Metallurgy  of  Copper) 


Met.    171 
Met.    171 


Met.    122    (Metallurgy  of   Lead,   Silver, 
Gold  and  Zinc) 
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Subject 

Metallurgy  {Continued)  : 

175 — Metallurgical   Investigation 

Parallel  Met.  131  (Metallurgy 

of  Iron  and  Steel,  and  Met.  141 

( Electrometallurgy) 
77 — Met.    Plant    Construction 

62S — Summer  Course  in  Non-Fer- 
rous   Metallurgy 

64S — Summer  Course  in  Ferrous 
Metallurgy 

66S — Summer  Course  in  Non-fer- 
rous Metallurgy 

82S — Summer    School    in    Assaying 

81 — Assaying 

182 — Assaying 
186 — Assaying 


Pre-requisite 


Draft.    3-4,    7-8 

C.E.   53;   Met.   122,  64S  and  66S 

Met.  101   (General  Metallurgy) 

Met.  122    (Metallurgy   of   Lead,    Silver, 
Gold  and  Zinc) 

Chem.    3-4  and  61-62 
Mineralogy   1-2,   or   7-8 
Chem.    3-4  and   61-62 
Mineralogv   1-2,  or  7-8 
Met.   81    or    182 


Mineralogy 


1-2 — Descriptive    and    Determinative 

Mineralogy 
5 — The  Minerals  of  Building  Stones 

6— Optical  Mineralogy 


7-S — Descriptive    and    Determinative 
Mineralogy.       (Modification    of 
Mm.    1) 
9 — Mineralogy    and    Crystallography 
15-16 — Determinative  Mineralogy 

Mining 

51 — Excavation  and  Tunneling. 


52 — Boring  and   Shaft  Sinking 

53 — Excavation,  Tunneling,  Bor- 
ing and  Shaft  Sinking.)  (For 
C.E.)  (Condensation  of  E.M. 
51  and  52) 

54 — Exploration.  Development,  and 
Methods  of  Working.  (For 
E.M.  and  Met.E.) 

Prerequisite  or  Parallel 


56 — Mine  Engineering 

Prerequisite  or  Parallel 


71-72 — Mine  Plant 


73 — Mine  Constructions.    (For  E.M. 

and  Met.E.) 
75 — Design  of   Mine   Plant 

Parallel    E.M.     71-72     (Mine 

Plant) 
77-78 — Graduating  Thesis  or  Project 
80 — Mill   Constructions 
81 — Ore  Dressing,   Milling,   and  the 

Mechanical  Preparation  of  Coal. 

(For  E.M.  and  Met.E.) 


Entrance  Chemistry 

Entrance  Physics 

Entrance  Chemistry 

Entrance  Physics 

Min.    5    (Minerals  of   Building  Stones) 

or  part  of 
Min.  1-2  (Descriptive  and  Deteriorative 

Mineralogy)   or  equivalent 
Entrance   Chemistry 
Entrance  Physics 

Min.    15-16 
Entrance  Chemistry 
Entrance  Physics 


Entrance  Mathematics 

Entrance  Chemistry 

Entrance  Physics 

E.M.  51    (Excavation  and  Tunneling) 

Entrance  Mathematics 
Entrance  Chemistry 
Entrance  Physics 

Geol.    5-6 


Geol.  105-106  (Economic  Geology) 

E.M.  51  and  52  (Excavation  and  Tun- 
neling) 

E.M.    54 

E.M.  71-72  (Mine  Plant) 

C.E.  76  (Hydraulics) 

C.E.  28   (Surveying) 

E.M.    51-52 

E.M.  54  (Exploration,  Development  and 
Methods  of  Working) 

M.E.  13-14  (Steam  Power  Machinery) 


Draft.    3-4,    7-8    (Structural    Drafting) 
C.E.    53    (Elasticity   and    Resistance    of 

Materials) 
All  required  subjects  in  Mining 
M.E.   13-14  (Steam  Power  Machinery) 
Min.     1-2     (Descriptive    and    Determina- 
tive  Mineralogy) 
Phys.    3-4    (Elementary    Mechanics    and 

General  Physics) 
Mech.  102  (Analytical  Mechanics) 
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Subject 
Mining  {Continued)  : 

82 — Ore-Dressing  Laboratory.     (For 

E.iM.  and  Met.E.) 
91 — Mine  Administration.  (For  E.M. 

and  Met.E.) 
94 — Mining    Law.      (For    E.M.    and 

Met.E.) 

95 — Mining  Conference.    (Optional) 
58 — Summer  Class  in  Mine  Survey- 
ing 


59 — Summer 
Mining 


Course    in     Practical 


Physical  Education 


A1-A2 
B1-B2 
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E.M.  81  (Ore  Dressing,  Milling,  and  the 
Mechanical  Preparation  of  Coal) 

E.M.  54  (Exploration,  Development  and 
Methods  of  Working) 

C.E.  27  (Surveying) 

E.M.  54  (Exploration,  Development  and 
Methods  of  Working) 

C.E.    27    (Surveying) 

M.E.    13-14    (Steam    Power   Machinery) 
E.M.  54  (Exploration,    Development  and 

Methods  of  Working) 
E.M.    51    and   52 
C.E.   15  and  27 
Geol.    105-106 


Phys.  Ed.  Ai-Ar 


Physics  and  Mechanics 

Mech.  1 — Mechanics:  Statics. 


Phys.  3-4 — General  Physics:  Me- 
chanics, Wave-motion,  Heat  and 
Light 

Phys.   5 — Electricity 

Phys.  43-44 — Physical   Laboratory 

Parallel  Phys.  5 
Phys.    55 — Physical    Measurements 

Parallel  Phys.  5 
Mech.  102 — Mechanics 


Mech.  105 — Thermodynamics 

Mech.  107-108 — Theory  of  Electricity 

and  Magnetism 
Mech.    109-110 — Theory  of  Alternat- 
ing     Current      Machines      and 
Theory  of  Electrical  Circuits 


Entrance  Physics 

Entrance   Mathematics    (including   Trig- 
onometry) 

Entrance  Physics 

Entrance   Mathematics    (including    Trig- 
onometry) 

Phys.  3-4  (Mechanics,  Wave-Motion, 
Heat  and  Light) 

Phys.  3-4  (Mechanics,  Wave-Motion, 
Heat  and  Light) 

Phys.  3-4  (Mechanics,  Wave-Motion, 
Heat  and  Light) 

Mech.    1    (Mechanics:    Statics) 

Phys.   3    (Mechanics,  Wave-Motion,  and 
first  part  of  Heat) 

Math.    64   and   65    (Differential   and   In- 
tegral   Calculus) 

Mech.    102    (Mechanics) 

Mech.    102    (Mechanics) 

Mech.     107-108    (Theory    of    Electricity 
and    Magnetism) 


Shop  Work 


1 — Wood-turning  and  Pattern  Mak- 
ing.    (For  M.E.) 
2 — Molding   and   Foundry   Practice. 

(For  M.E.) 
10S— Machine  Work.     (For  M.E.) 
11 — Machine  Work.     (For  M.E.) 
12 — Forging.     (For  M.E.) 
13-14 — Machine  Work.      (For  E.E.) 
15 — Forging  and  Foundry  Practice. 

(For  C.E.) 
16— Machine  Work.    (For  C.E.) 
18S — Pattern-making.  (For  Chem.E.) 


Shop  Work    103    (Machine  Work) 


Zoology 


-Sanitary  Biology 


Bacteriology  10 1  (Sanitary  Bacteriology) 
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GENERAL    INFORMATION 

REGARDING   COLUMBIA   UNIVERSITY 

Students  in  the  Schools  of  Mines,  Engineering  and  Chemistry  may 
enjoy  every  advantage  to  be  derived  from  the  resources  of  the  Uni- 
versity. The  University  occupies  thirty-six  buildings,  and  its  grounds 
cover  thirty-five  acres.  The  number  of  officers  of  instruction  in  1911-12 
was  761,  and  of  resident  students  7,429. 

University  The  Library  contains  about  473,000  bound  volumes, 

Library  catalogued  both   by  authors  and  by  subjects. 

It  is  open  each  week-day  from  8.30  a.m.  until  11 
P.M.  (in  summer,  10  p.m.).  All  students  and  graduates  have  free 
access  and  may  draw  books  for  home  use. 

Physical  The   Gymnasium  is  open  each  week-day  from  9.00 

Exercise  a.m.  to  7  p.m.;  and  on  Mondays,  Thursdays,  and  Satur- 

days until  10  p.m. 

Every  student  is  entitled  to  a  physical  examination  by  the  Medical 
Director  and  to  advice  as  to  the  kind  and  amount  of  exercise  best 
adapted  to  his  needs.     For  the  Gymnasium  fee  see  page  18. 

The  main  exercising  room  is  35  feet  high,  semicircular  in  shape, 
and  has  an  area  of  16,000  square  feet.  It  is  well  lighted  and  well 
ventilated.  Above  are  the  10-lap  running  track,  rooms  for  fencing, 
boxing,  and  handball,  dressing-rooms  with  1,804  steel  lockers,  and 
32  shower-baths.  Below  the  exercising  room  is  the  semicircular 
swimming  pool,  100  feet  by  50,  and  4  to  10  feet  deep,  and  shower-, 
needle-,  and  tub-baths. 

A  two-hour  course  in  Physical  Education  is  prescribed  for  all  first 
and  second  year  undergraduate  students,  arranged  with  a  view  to  secur- 
ing: first,  health;  second,  strength,  control,  efficiency,  and  endurance; 
third,  erect  carriage. 

There  are  on  South  Field  a  practice  field  for  baseball,  lacrosse, 
and  football,  a  quarter  mile  running  track,  tennis  courts,  and  the  Uni- 
versity Boat  House  is  within  easy  reach. 

Employment  The  Employment  Committee  endeavors  to  give  stu- 

Committee  dents  who  need  it  the  opportunity  to  earn  enough  for 

partial  or  complete  support,  and  to  extend  assistance 
in  other  ways.  The  office  of  the  secretary  of  the  Committee  is  in 
Room  312,  East  Hall.  Communications  should  be  addressed  to  the  Com- 
mittee. Some  of  the  openings  available  are:  private  tutoring,  trans- 
lating, addressing,  copying  of  various  sorts,  teaching  in  evening  schools, 
stenography.  During  the  year  1910-11  the  student  earnings  reported 
to  the  Committee  amounted  to  $75,709.45. 
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Preference  is  naturally  given,  in  case  of  a  choice  of  applicants,  to 
those  who,  as  strangers  in  New  York,  are  not  likely  to  hear  of  posi- 
tions through  other  channels.  No  prospective  student  should  come  to 
Columbia  expecting  to  depend  entirely  or  even  largely  upon  the  assist- 
ance of  the  Committee,  and  every  student  should  be  prepared  to  meet 
at  least  the  expenses  of  the  first  half-year— say  $250. 

The  chiefs  of  clinic  in  the  Medical  School  give  advice  without  charge 
to  students  on  the  lists   of  the  Committee. 

There  are  also  Appointment  Committees  whose  duty  it  is  to  recom- 
mend graduates  for  teaching  or  other  positions  in  colleges  and  uni- 
versities and  to  assist  competent  men  to  obtain  such  positions. 

A   University   Medical   Visitor  renders   medical    as-  Medical 

sistance  to  students  without  family  physicians  in  New  Visitor 

V^ork  for  a  remuneration  to  be  arranged  between  him- 
self and  individual  patients.     The  medical  visitor  is  Dr.  D.  S.  D.  Jessup, 
office  hours  5  to  6  daily,   at  542  West   112th   Street    (telephone,  6382 
Morningside). 

There    are    two    University    dormitories    on    South  Residence 

Field,  with  accommodations  for  500  men;  Hartley  Hall,  Halls 

a  memorial  to  the  late  Marcellus  Hartley,  and  Living- 
ston Hall,  named  in  memory  of  Robert  R.  Livingston,  of  the  class  of 
1765.     Each  building  is  137  feet  by  60  and  10  stories  high.     They  have 
electric  light,  steam  heat,   telephones,   elevator  and  shower  baths. 

The  two  Halls  contain  600  outside  rooms,  both  single  and  double, 
which  may  be  rented  singly  or  in  suites.  The  bedrooms  average  8  feet 
by  14.6,  and  the  studies  10  by  14.6.  All  are  9  feet  high.  Each  bedroom 
has  a  clothes-closet  and  an  enamelled  basin  with  hot  and  cold  water, 
and  is  provided  with  heavy  oak  furniture. 

The  entrance  to  each  building  faces  the  campus,  and  leads  directly 
into  an  assembly  room  60  feet  square.  This  room  runs  up  through  two 
stories  and  has  a  large  open  fireplace  opposite  the  entrance. 

The  weekly  charge  for  a  single  room  ranges  from  $2.60  to  $4.75  for 
the  academic  year  of  thirty-nine  weeks.  A  pamphlet  with  floor  plans 
and  rental  charges  and  containing  the  Hall  Regulations  may  be  had 
upon  application  to  the  Secretary  of  the  University.  Rooms  will  be 
assigned  in  the  order  of  receipt  of  applications,  which  should  be  made 
on  a  blank  provided  by  the  Superintendent  of  Buildings  and  Grounds. 

The  University   Commons    (under  student  manage-  University 

ment)  for  the  accommodation  of  the  men  living  in  the  Commons 

Residence  Halls  is  conducted  upon  a  system  combin- 
ing table  d'hote  and  a  la  carte.     The  Commons,  which  has  accommo- 
dations  for  450   men,  is   in  University  Hall,  and  is  open  daily  from 
7.30  a.m.  to  7  p.m.     There  is  also  a  large  buffet  lunch  room. 
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Other  Besides  the  dormitories  and  the  Greek  Letter  Society 

Accommo-  club-houses  there  are  many  good  boarding-houses  and 

dations  apartments    near   the   University,    a   card-catalogue   of 

which  is  kept  at  Earl  Hall. 

Public  In  addition  to  the  regular  courses  of  instruction,  nu- 

Lectures,  etc.  merous  public  lectures  are  given  at  the  University,  or- 
dinarily by  persons  of  distinction  who  are  not  members 
of  the  teaching  staff.  The  University  maintains  close  relations  with 
the  other  educational  and  public  institutions  of  the  city,  and  students 
enjoy  unusual  privileges  at  them.  Students  are  also  frequently  given 
the  opportunity  to  enjoy  important  dramatic  and  musical  performances 
at  a  considerably  reduced  cost. 

St.  Paul's  St.  Paul's  Chapel,  the  gift  of  Olivia  Egleston  Phelps 

Chapel  Stokes  and  Caroline  Phelps  Stokes,  as  a  memorial  to 

their  parents,  is  a  beautiful  cruciform  building  with 
1,050  sittings.  Service,  at  which  attendance  is  voluntary,  is  held  every 
week-day  except  Wednesday  and  Saturday,  at  noon,  the  period  from 
12  to  12.20  being  set  apart  by  the  University  for  religious  exercises ; 
on  Wednesday  afternoons  at  5.10;  and  on  Sunday  afternoons  at  4  p.m. 
There  are  also  frequent  organ  recitals. 

Earl  Hall  Earl  Hall,  the  home  of  the  religious,  philanthropic, 

and  social  organizations  and  interests,  is  open  to  all 
students,  without  expense,  from  8.30  a.m.  to  10  p.m.  daily,  under  the 
management  of  its  Secretary,  who  is  also  Secretary  of  the  University 
Young  Men's  Christian  Association.  Provision  for  the  meetings  of 
student  organizations  is  made  in  the  following  order :  Societies  the 
purpose  of  which  is  (1)  primarily  religious;  (2)  primarily  philan- 
thropic; (3)  primarily  literary;  and  (4)  miscellaneous  student  organ- 
izations. The  building  is  also  much  used  as  a  general  student  club 
house. 

Student  The  various   student  organizations,  while  self-gov- 

Organizations  erning,  are  subject  to  the  following  regulations:  The 
schedules  of  public  contests  and  performances  must 
be  approved  by  the  University  Committee  on  Student  Organizations ; 
budgets  for  expenditure  are  approved  and  checked  by  the  Comptroller 
of  Student  Organizations ;  the  University  Committee  on  Athletics,  con- 
sisting of  three  graduates,  two  students  and  two  University  officers, 
adopt  and  administer  rules  of  eligibility  not  involving  questions  of 
scholarship  and  govern  participation  in  inter-collegiate  athletics.  A 
pamphlet  containing  the  full  regulations,  the  constitution  of  the  Ath- 
letic Association  and  the  constitution  of  the  Board  of  Student  Repre- 
sentatives may  be  obtained  from  the  Secretary  of  the  University. 
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A  college  graduate  who  completes  with  marked  dis-  The  Degree 
tinction  one  of  the  regular  professional  courses  may  of  A.M. 

be  recommended  for  the  degree  of  Master  of  Arts  if, 
while  pursuing  his  professional  course,  he  shall  have  taken  additional 
work,  under  the  Faculty  of  Pure  Science,  Philosophy  or  Political  Sci- 
ence, to  the  extent  of  a  major  subject,  and  have  presented  a  satis- 
factory essay  upon  an  assigned  topic.  A  detailed  statement  of  the 
requirements  for  this  degree  and  also  for  the  Ph.D.,  with  a  list  of 
subjects  which  may  be  offered,  will  be  found  in  the  Announcement  of 
the  Faculties  of  Political  Science,  Philosophy  and  Pure  Science.  See 
also  page  21. 

For  information  as  to  the  fourteen  University  Fel-  Fellowships 
lowships,  of  the  annual  value  of  $650  each,  and  the 
several  endowed  fellowships  open  to  qualified  candidates  for  the  de- 
gree of  Master  of  Arts  and  Doctor  of  Philosophy,  see  the  Announce- 
ment of  the  Faculties  of  Political  Science,  Philosophy  and  Pure  Science, 
or  the  University  Catalogue. 

The  three  following  are  of  particular  interest  to  students  of  Mines, 
Engineering  and  Chemistry,  who  are  advised  to  familiarize  themselves 
with  the  special  regulations  governing  them: 

The  Tyndall  Fellowship  for  the  Encouragement  of  Research  in 
Physics,  endowed  by  Professor  John  Tyndall,  and  of  an  annual  value 
of  $648;  the  Barnard  Fellowship  for  Encouraging  Scientific  Research, 
endowed  by  the  bequest  of  the  late  President  Barnard,  annual  value 
$500;  and  the  Ernest  Kempton  Adams  Research  Fellowship,  founded 
by  Mr.  Edward  Dean  Adams  in  memory  of  his  son,  Ernest  Kempton 
Adams,  annual  value  $1,250. 

Students 

In  1911-12  the  registration  in  the  Schools  of  Mines,  Engineering  and 
Chemistry  is  as  follows : 

First-year  class 184 

Second-year  class 154 

Third-year  class 186 

Fourth-year  class 134 

Non-matriculated 13 

Students   from   Columbia  College 13 

Total 684 

Of  students  registered,  87  already  held  a  college  or  technical  degree, 
representing  28  institutions.  In  addition  there  are  registered  under 
the  Faculty  of  Pure  Science  as  candidates  for  the  A.M.  and  Ph.D. 
degrees  17  students  with  some  branch  of  Engineering  (including  9  in 
Highway  Engineering)  and  56  with  Chemistry  as  a  major  subject. 
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ALUMNI  ORGANIZATION 

The  Alumni  Association  of  the  Schools  of  Science  of  Columbia 
University  includes  in  its  membership  graduates  of  the  Schools  of 
Mines,  Engineering  and  Chemistry.  Associate  membership  is  open  to 
non-graduates,  members  of  classes  that  have  graduated. 

Honorary  membership  is  open  to  all  persons  eminent  in  Science 
who  are  or  have  been  connected  with  any  of  the  Schools  of  Science 
of  Columbia  University. 

Its  officers  for  1912-13  are: 

President,  Francis  M.   Simonds,  E.M.,  '87. 

Vice-President.  Wheaton  B.  Knnhardt,  E.M.,  '80. 

Treasurer,  John  S.  Douglas,  E.E.,  '90. 

Secretary,  Ralph  E.  Mayer,  C.E.,  '79. 

Post  Office  Substation  84,  New  York  City. 

Board  of  Managers 
T.  H.  Leggett,  EM.,  '79-  T.  R.  Brinley,  C.E.,  '84. 

Gano  Dunn,  E.E.,  '93.  W.  I.  Slichter,  E.E.,  '96. 

E.  C.  Church,  C.E.,  '04.  W.  Newell,  M.E.,  '07. 

R.  M.  Olyphant,  M.E.,  '06.  E.  C.  Kendall,  Chem,  '08. 

G.  II.  Clark,  C.E.,  '93. 

Delegates  to  the  Alumni  Council 

Charles  B.  Going,  Ph.B.,  '82  George  H.  Clark,  C.E.,  '93. 

Daniel  E.  Moran,  C.E.,  '84. 

A  complete  list  of  the  Alumni,  giving  the  addresses  of  each,  and  in 
the  case  of  those  who  are  members  of  the  Association,  a  detailed  record 
of  their  professional  careers,  is  published  and  may  be  had  on  application 
to  the  Alumni  Secretary,  Columbia  University. 

The  Alumni  Secretary  will  also  be  glad  to  put  prospective  students 
in  communication  with  Alumni  in  different  parts  of  the  country.  Such 
Alumni  are  often  able  in  a  personal  interview  to  furnish  information 
regarding  the  Schools  of  Mines,  Engineering  and  Chemistry  which 
inquirers  at  a  distance  could  obtain  in  no  other  way. 

General  Alumni  Organizations 

Alumni  Council : 
John  Howard  Van  Amringe,  '6o,  Chairman 
George  Brokaw  Compton,  '09,  Secretary.  Columbia  University 

Society  of  the  Early  Eighties: 
Reginald  H.   Sayre,  '81,   President 
Girard  Romaine,  '82,  Secretary,  68  Broad  Street,  New  York  City 


STUDENTS'  INFORMATION  125 

Society  of  Older  Gradual 

Pierre  de  P.  Rickets,  71   S,  '76  Ph.D.,  President 
William  de  L.  Benedict,  '74  S,  Secretary,  43  Cedar  Street,  New  York 
City. 

Society   of  the   Upper   Eighties  : 
Charles  H.  Mapes,  '85,  President 
Edward  L.  Dodge,  '88  S.  Secretary,  32  Nassau  Street.  New  York  Ctiy 

Local  Association  Secretaries 

Albany— Rev.  Roelif  H.  Brooks,  '00  (President),  80  Lancaster  Street, 
Albany,  N.  Y. 

California— Dr.  John  C.  Spencer,  '82,  '85  M.,  Butler  Building,  San 
Francisco,   Cal. 

China— Dr.  F.  E.  Hinckley,  '05  Ph.D.,  clerk,  United  States  Court 
:or  China,   Shanghai,   China. 

Colorado— Roger  W.  Toll,  '06,  790  Washington  Street,  Denver,  Colo. 
Columbia    (Missouri)— E.   W.   Hinton,   '91   L.,   Columbia,   Mo. 
Connecticut— John  D.  Irving,  '96,  Yale  University,  New  Haven  Conn. 
Cuba — Humberto  Fonts,  '09,  S,  Empedrado  59,  Havana,  Cuba. 
District  of  Columbia— George  Oakley  Totten,  Jr.,  '91  F.  A.,  808  Seven- 
teenth Street,   N.  W.,  Washington,  D.  C. 

Illinois— Dr.  Emory  Hill,  '04,  22  East  Washington  Street,  Chicago, 
111. 

Indiana— Professor  George  H.  Danton,  '02,  Butler  College,  Indianap- 
olis, Indiana. 

Japan— Rev.  Kentok  Hori,  '07  A.  M.,  College  of  Literature,  Imperial 
University  of  Tokio,  Tokio,  Japan. 

Kansas  City— Dr.  Walter  S.  Sutton,  07  M,  810-815  Rialto  Building. 
Kansas  City,  Mo. 

Kentucky— F.  A.  Busse,  '03  S.,  800  Third  Street,  Louisville,  Ky. 

Louisiana— Ralph  J.  Schwarz,  '05  L  (President),  805  Common  Street, 
New  Orleans,  La. 

Madison  (Wisconsin) — John  L.  Kind,  '06,  Ph.D.  (President),  Uni- 
versity of  Wisconsin,  Madison,  Wis. 

Mexico— Herbert  C.  Enos,  '06  S,  P.  O.  Box  1583,  Gante  No.  1, 
Mexico    City,   Mexico. 

Michigan— Dr.  Theodore  A.  McGraw,  Jr.,  '02  M.,  73  Cass  Street, 
Detroit,  Michigan. 

Minnesota— Professor  Gregory  D.  Walcott,  '99  A.M.,  04  Ph.D.,  Ham- 
line  L'niversity,  St.  Paul,  Minn. 
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Nashville — Eugene  Tavenner,    '01,   Murfreesboro,   Tenn. 

Nebraska— Dr.  C.  W.  Pollard,  '99  M.,  Paxton  Block,  Omaha,  Neb. 

New  England— Franklin  S.  Hoyt,  '05  A.M.,  care  Houghton  Mifflin 
and  Company,  4  Park  Street,  Boston,  Mass. 

New  Jersey — W.  G.  Brandley,  '08,   Caldwell,  New  Jersey. 

North  Carolina— Henry  J.  Highsmith,  T.C.,  Wake  Forest  College, 
Wake  Forest,  N.   C. 

Northeastern  Pennsylvania — Clarence  D.  Shrady,  '95  S.,  Allen- 
town,  Pa. 

Ohio,  Northern  (Cleveland) — Frederic  W.  Striebinger,  '95  F.A., 
1215  New  England  Building,  Cleveland,  Ohio. 

Ohio,  Central  (Columbus) — Professor  F.  P.  Graves,  '90,  Ohio  State 
University,    Columbus,   Ohio. 

Paris — Charles  F.  Beach,  Jr.,  '81  L.,  95  rue  des  Petits-Champs,  Paris, 
France. 

Philadelphia — Stanley  Kidder  Wilson,  '02,  Swarthmore,  Pennsylvania. 

Pittsburg — W.  J.  Strassburger,  '01  F.A.,  Glassmere,  Pa. 

St.  Louis — William  E.  Baird,  '02  Lr  Law  Department,  City  Hall, 
St.   Louis,   Mo. 

Utah— C.  H.  Doolittle,  '85  S,  1242  East  South  Temple,  Salt  Lake 
City,  Utah. 

Virginia — Jackson  Davis,  '08  A.M.,  Board  of  Examiners,  Peters- 
burg, Va. 

Washington — H.  K.  Benson,  '07  Ph.D.,  University  of  Washington, 
Seattle,   Washington. 

Western  New  York— W.  W.  Cohn,  '08,  1208  West  Avenue,  Buffalo, 
N.  Y. 

Wisconsin — H.  W.  Buemming,  '95  F.A.,  521  Jackson  Street,  Mil- 
waukee, Wisconsin. 

Yonkers — James  F.  Prince,  '08,  149  N.  Broadway,  Yonkers,  N.  Y. 
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Academic  Calendar 
1912-1913 

1912 — July  8,   Monday.     Thirteenth  Summer   Session  opens. 

August  16,  Friday.     Thirteenth  Summer  Session  closes. 

September  16,  Monday.  Entrance  examinations  and  examinations 
for  deficient  and  debarred  students  begin. 

September  18,  Wednesday.     Registration  begins. 

September  24,  Tuesday.  Registration  ceases  for  students  previously 
matriculated.  Later  applications  received  only  on  payment  of  an  ad- 
ditional fee  of  $5. 

September  25,  Wednesday.  First  half-year,  159th  year,  begins. 
Registration  ceases  for  students  not  previously  matriculated.  Later 
applications  received  only  on  payment  of  an  additional  fee  of  $5. 
Scholars  to  report  to  the  Registrar. 

September  26,  Thursday.     Lectures  and  recitations  begin  in  courses. 

October  15,  Tuesday.     Stated  meeting  of  University  Council. 

November  5,  Tuesday.     Election  day,  holiday. 

November  27,  Wednesday.     University  service  in  St.  Paul's  Chapel. 

November  28,  Thursday,  to  November  30,  Saturday,  inclusive. 
Thanksgiving  holidays. 

December  15,  Sunday.     Memorial  service,  St.  Paul's  Chapel. 

December  17,  Tuesday.     Stated  meeting  of  University  Council. 

December  23,  Monday,  to 

I9I3 — January  4,  Saturday,  inclusive.     Christmas  holidays. 

January  6,  Monday.  Last  day  for  filing  applications  for  entrance 
examinations. 

January  13,  Monday.     Mid-year  entrance  examinations  begin. 

January  22,  Wednesday.     Mid-year  examinations  begin. 

February  4,  Tuesday.     First  half-year  ends. 

February  5,  Wednesday.  Second  half-year  begins.  University  ser- 
vice in  St.  Paul's  chapel.  Registration  ceases  for  students  entering 
second  half-year.  Later  applications  received  only  on  payment  of  an 
additional  fee  of  $5.     Scholars  to  report  to  the  Registrar. 

February   12,  Wednesday.     Alumni  Day. 

February  18,  Tuesday.     Stated  meeting  of  University  Council. 

February  22,    Saturday.     Washington's   Birthday,  holiday. 

March  20,  Thursday,  to  March  24,  Monday,  inclusive.  Easter  holi- 
days. 

April  15,  Tuesday.     Stated  meeting  of  University  Council. 

May  1,  Thursday.     Last  day  for  filing  applications  for  scholarships. 

May  14,  Wednesday.     Final  examinations  begin. 

May  30,  Friday.    Memorial  Day,  holiday. 

June  1,   Sunday.     Baccalaureate  service. 
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June  2,  Monday.     Class  Day. 
June  4,  Wednesday.     Commencement  Day. 
June   ii,  Wednesday.     Second  half-year  ends. 
June   1 6,  Monday.     Entrance  examinations  begin. 


July  7.  Monday.     Fourteenth  Summer  Session  opens. 

August  15.  Friday.     Fourteenth  Summer  Session  closes. 

September  15,  Monday.  Entrance  examinations  and  examinations 
for  deficient   and   debarred   students  begin. 

September   17,  Wednesday.     Registration  begins. 

September  23,  Tuesday.  Registration  ceases  for  students  previously 
matriculated.  Later  applications  received  only  on  payment  of  an  ad- 
ditional fee  of  $5. 

September  24,  Wednesday.  First  half-year,  160th  year,  begins. 
Registration  ceases  for  students  not  previously  matriculated.  Later 
applications  received  only  on  payment  of  an  additional  fee  of  $5. 
Scholars   to   report  to  the  Registrar. 

The  last  day  of  the  second  half-year  falls  on  the  second  Wednesday 
in  June,  and  the  academic  year  opens  37  weeks  before  that  date.  The 
second  half-year  opens  on  Wednesday,  19  weeks  from  the  opening  of 
the  first  half-year. 
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uuetze,  M.bC... Dean  and  Member  of  the  Univer- 

Henry  S.  Munroe,  E  M    Ph  D     Sr  r,  Jl**  Council>  ex-oMcio 

'  *  IU'  SC'D Reefed  Delegate  to  the 

Alexander  Smith,  Ph  D      Elected  r>*ua„*    *    .,     Yrniversity  Council 
Adam  Leroy  Jones,  Ph  D' *"  *°  '**  Uni^^  Council 

»S  ecretary 

Committee  on  Instruction 

DEAN  G°ETZE  (Ckt£*  ^feSSOTS  **"•  ^  *«- .  Munroe, 
Walker,  Wendell  and  Whitaker 

Committee  on  Admissions 
Professors  Jones  (Chairman),  Mayer,  SlIChter  and  Thomas 

The  Faculty 

Nicholas  Murray  Butler  d      -j 

A.B.,  Columbia,  ,88a    am"  V8S' ' 'pi, V, ■PreJ,de'"  of  the  University 

Frederick  Arthur  Goetze  n 

M.Sc,  Columbia,  i9oS. Uean  of  the  Faculty 

Henry  S.  Munroe. 

ALEREoTMrr3'   ^^■■^^^rPr0feSS°r   "   Mi'^ 

E.M.,  Columbia,  is'sV;' Ph.D.','  i 890 Frofessor  of  Mineralogy 

James  Furman  Kemp...  d     - 

A.B.,  Amherst,   i88r;  Sc  D  "  ioo6*  V  U' '  r'l"  *  "^        o '   ^   G*0/W 

Academy  of  Science.  '     9°6'  E-M'«  C°l"^bia,  1884;  Member  National 

Robert  Peele 

E.M.,  Columbia','  1883. Professor  of  Mining 

William  Hallock...  d     . 

A.B.,  Columbia   1870-  p'h  n  *  w-"  '1! Professor  of  Physics 

Pharmacy,  i89V   79'  Ph'D"  Wurzb^,  1881;  Phar.D.,  National  College  of 

'Francis  B.  Crocker  d     / 

E.M..  cC^if*"'  °f  EleCtrical  Engineering 

Michael  Idvorsky  Pupin  -d    t  ,  ^, 

A.B.,  Columbia    x88,    s'n'n -Professor  of  Electro-Mechanics 

Academy  o?  Science.3'      ^   I9°4;   Ph-D"   Berlin>    l889;   Member  National 

William  H.  Burr  d    t 

C.E.,  Rensselaer  Po^Vehnie','  I£  '  '  '  JV^*^T  0/  ^  »«***« 

Thomas  Scott  Fiske.  p    , 

A.B.,  CCumoia,  .88S;  t^ZZl^g?"™'  °f  *«*«««* 

*Absent  on  leave,  1913-14. 

3 


4  MINES,  ENGINEERING  AND  CHEMISTRY 

Harold  Jacoby Rutherfurd  Professor  of  Astronomy 

A.B.,  Columbia,  1885;  Ph.D.,  1895. 

Earl  B.  Lovell Professor  of  Civil  Engineering 

C.E.,  Cornell,   1891. 

James  Macay Professor  of  MothemaUcs 

C.E.,  Columbia,  1888;  Ph.D.,  1899. 

Marston  Taylor  Bogert Professor  of  Organic  Chemistry 

A.B.,  Columbia,  1890;  Ph.B.,  1894;  LL.D.,  Clark,  1909. 

J   Livingston  Rutgers  Morgan Professor  of  Physical  Chemistry 

B.S.,  Rutgers,  1892;  A.M.  and  Ph.D.,  Leipzig,  1895. 

Amadeus  W   Grabau Professor  of  Paleontology 

S.B.,    Massachusetts    Institute   of  Technology,    1896;    S.M.,   Harvard,    1898; 
S.D.',  1900. 

Ralph  Edward  Mayer.  .Associate  Professor  of  Engineering  Draughting 

C.E.,  Columbia,   1879. 

Cassius  Jackson  Keyser Adrain  Professor  of  Mathematics 

B.S.,  Missouri,   1892;   A.M.,  Columbia,  1896;  Ph.D.,  1901. 

George  L    Meylan.  . .  .Associate  Professor  of  Physical  Education  and 
Ueorge  u.  ivitYL  Medical  Director  of  the  Gymnasium 

M.D.,   New  York   University,   1896;  B.S.,  Harvard,    1902;   A.M.,   Columbia, 
1904. 

Lea  McIlvaine  Luquer Assistant  Professor  of  Mineralogy 

C.E.,  Columbia,   1887;  Th.D.,   1894- 

Henry  Clapp  Sherman ^'iTVf  ^  f  *  Ph V 

B.S.,    Maryland  Agricultural    College,    1893;  A.M.,   Columbia,    1896,    Ph.D., 

Albert T.'  Wills Professor  of  Mathematical  Physics 

B.E.E.,  Tufts,  1894;  Sc.D.,  19";  Ph.D.,  Clark,   1897. 

Samuel  A.  Tucker Assistant  Professor  of  Electro -Che  mis  try 

Ph.B.,  Columbia,  1895. 

Charles  Edward  Lucre Professor  of  Mechanical  Engineering 

B  S.,  College  of  the  City  of  New  York,  1895;  M.S.,  New  York  University, 
1899';  Ph.D.,  Columbia,  1902. 

HV alter  Rautenstrauch Professor  of  Mechanical  Engineering 

B.S.,  Missouri,  1902;  M.S.,  Maine,   1903. 

"William  Campbell Associate  Professor  of  Metallurgy 

B  Sc,  Durham  University,  1898;  D.Sc,  1905;  M.Sc,  Royal  School  of  Mines, 
1903;  Ph.D.,   Columbia,  1903;  A.M.,   1905-  , 

Edward  Lawrence  Kurtz Assistant  Professor  of  Mining 

E.M.,   Columbia,   1893-  ,  ,  _ 

Carlton  Clarence  Curtis Associate  Professor  of  Botany 

AB.,  Syracuse,  1889;  Ph.D.,   1893;  A.M.,  Columbia,  1892. 
S  Alfred  Mitchell Assistant  Professor  of  Astronomy 

A.M.,  Queens,   1894;  Ph.D.,  Johns  Hopkins,  1898. 

Arthur  L.  Walker Professor  of  Metallurgy 

E.M.,  Columbia,  1883.  ,  D,       . 

George  Braxton  Pegram Associate  Professor  of  Physics 

A.B.,  Trinity  College  (N.  C),  1895;  Ph.D.,  Columbia,   1903. 

Absent  on  leave,  first  half-year. 
2Absent  on  leave,  second  half-year. 
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Bergen  Davis Ass{sfant  PfQf 

B.S.,  Rutgers,  ,896;  A.M.,  Columbia,  i9oo;  Ph.D.,  1901 

Adam  Leroy  Jones Chairman  of  Committee  on  Undergraduate 

a  t>    ,„•„•  Admissions  and  Secretary  of  the  Faculty 

A.B.,  Williams,  189s;  Ph.D.,  Columbia,  1898.  faculty 

Charles  H.  Burnside A<*i*tnn*  p^-nt^n,        t  %r    1 

i\  q    rni««i  •       oV    a  w      a      '/issistant  I  rofessor  of  Mechanics 
B.b.,  Columbia,  1898;  A.M.,   1899. 

MoRTOENECEcErbiv;;89v^"'v'0"' Professor  °f  *•**-  E"«>*™<> 
Cunss5MlEr:;;^;k-s:vsV3;-p^r Profcssor  of  «** 

John  Harold  Moreceoft.  .Assistant  Professor  of  Electrical  Engineering 

E.E.,  Syracuse,   1904;   B.S.,   1907. 

W.  Benjamin  Fite.  Professor  of  Mathematics 

Ph.B.,  Cornell,   1892;   rii.D.,  1901. 

H"BEATIlE"vIIAWf  ?•  ™  'A iVo/mcr   0/  JMbfMrtfcl 

A.B.,  Yale,   1896;  Ph.D.,   1900. 

Walter  Irvine  Slighter Professor  of  Electrical  Engineering 

E.E.,  Columbia,   1896. 

CE0RG\Y-  Wendell Professor  of  Physics 

B.S.,  Massachusetts  Institute  of  Technology,  189a;  Ph.D.,  Leipzig,  ,898 
»  «C  ™m\AKER Professor  of  Engineering  Chemistry 

B.S.,   Colorado,    1897;    M.S.,   1899. 

Everett  J.Hall ^«w/a»*  Professor  of  Assaying 

Floyd  J   Metzger  Assistant  Professor  of  Analytical  Chemistry 

Ph.B.,   Buchtel,   1899;   Ph.D.,  Columbia,   1902. 

HA%LB.,pcAoiLViaV  \zft22S!  Z°/essor  of  Mechanical  En8ineerins 

SAMUE^^SGOOD^MnLER^ Assistant  ProfesSQr  of  j^^ 

Edward  F.  Kern Assistant  Professor  of  Metallurgy 

B.S.,  Tennessee,   1897;  Ph.D.,  Columbia,  1901. 

HAL  Tp  ?Et"u'  \ Assistant  Professor  of  Chemistry 

B.S.,  Nebraska,  1899;  A.M.,  1900;  Ph.D.,  Columbia,   1904. 

Charles  W.  Thomas.  .Assistant  Professor  of  Mechanical  Engineerino 

Mech.E.,  Stevens  Institute,   1884.  & 

Arthur  H.  Blanchard Professor  of  Highway  Engineering 

C.E.,  Brown,  1890;  A.M.,  Columbia,  1902. 

Thomas  B.  Freas Assistant  Professor  of  Chemistry 

and  Curator  of  the  Chandler  Museum 

A.B.,  Stanford.   1896;  Ph.D.,  Chicago,   191 1. 

Alexander  Smith Professor  of  Chemistry 

B.S.,    Edinburgh,    1886;   Ph.D.,   Munich,    1889. 

Thomas  H.  Harrington Assistant  Professor  of  Drawing 

C.E.,    Columbia,    1889. 

Reginald  J.  S.  Pigott Assistant  Professor  of  Steam  Engineering 

Mech.E.,  Columbia,   1906. 

Frank  C.  Schroeder Assistant  Professor  of  Mechanics 

B.S.,  Wisconsin,   1907;  C.E.,  1910. 
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Leonard  D.  Norsworthy Assistant  Professor  of  Civil  Engineering 

C.E..  Columbia,   1909;   A.M.,  1910. 

Daniel  Dana  Jackson Assistant  Professor  of  Civil  Engineering 

B.S.,  Massachusetts  Institute   of  Technology,   1893;    M.S.,    New  York  Uni- 
versity,   1908. 

Other  Officers 
Henry  Rogers  Seager Professor  of  Political  Economy 

Ph.B.,   Michigan,    1890;   Ph.D.,   Pennsylvania,    1894. 

Associates 
Frederick  A.  Halsey Associate  in  Mechanical  Engineering 

B.M.E.,  Cornell,   1878. 

Lincoln  De  Groot  Moss Associate  in  Mechanical  Engineering 

F.  V.  D.  Longacre Associate  in  Mechanical  Engineering 

F.  F.  Nickel Associate  in  Mechanical  Engineering 

Instructors 

Edward  K.  Judd Instructor  in  Mining 

AB,  Williams,  1901;  E.M.,  Columbia,  1904- 

Leighton  B.  Morse Instructor  in  Physics 

Fh  B.f  Iowa  College,  1903;  Ph.D.,  Columbia,  1908. 

Harold  W.  Webb Instructor  in  Physics 

A.B.,  Columbia,  1905;  Ph.D.,   1909. 

Arthur   Colon    Neish Instructor   in   Chemistry 

A.B.,  Queen's  University,  1898;  A.M..  Columbia,  1900;  Ph.D.,  1904. 

Chester  A.   Darling Instructor  in  Botany 

A.B.,  Albion,  1904;  A.M.,  1906;  Ph.D.,  Columbia,  1909. 

John  M.  Nelson Instructor  in  Organic  Chemistry 

B.S.,  Nebraska,   1901;  Ph.D.,  Columbia,    1907. 

Hermon  W.  Far  well Instructor  in  Physics 

A.B.,  Dartmouth,  1902;  A.M.,  1906. 

Harry  W.  Reddick Instructor  in  Mathematics 

A.B.,  Indiana,   1904;  A.M.,  Illinois,   1906;  Ph.D.,   Columbia,   1911. 

Edward  D.  Thurston,  Jr Instructor  in  Mechanical  Engineering 

A.B.,  Columbia,    1905;   Mech.E.,   1907. 

Frederick  W.  Hehre Instructor  in  Electrical  Engineering 

E.E.,  Columbia,  1908. 

James   S.  Macgregor Instructor  in  Civil  Engineering 

B.S.,  Mass.  Inst,  of  Technology,  1902;  M.S.,  1904. 

James  Kip  Finch Instructor  in  Civil  Engineering 

C.E.,   Columbia,    1906. 
Arthur  Lowell  Herrick Instructor  in  Mechanical  Engineering 

B.S.,   Dartmouth,   1909;    C.E.,  Wisconsin,   1910. 

Nels  J  Lennes Instructor  in  Mathematics 

S.B.,  Chicago,  1898;   S.M.,   1903;  Ph.D.,   1907. 
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Morris   F.   Weinricii Instructor  in  Physics 

Mech.E.)  Columbia,  1904;  A.M.,  1907. 

Willard  L.  Severinghaus Instructor  in  Physics 

A.B.,  German  Wallace  College,   1904;  A.M.,   1905. 

Frank  L.  Mason Instructor  in  Electrical  Engineering 

E.E.,  Columbia,  1909. 

Jesse  E.  Beans Instructor  in  Drawing 

Henry  B.  Drowne Instructor  in  Highzvay  Engineering 

C.E.,  Brown,  1903. 

Gordon   H.   Graves Instructor  in  Mathematics 

B.S.,  Earlham,  1905;  A.B.,  Haverford,  1906;  A.M.,  Columbia,   1909. 

Andrew  Bender Instructor  in  Analytical  Chemistry 

A.B..  Lebanon  Valley   College,   1906. 

Frederick  J.  Barry Instructor  in  Chemistry 

Ph.D.,   Harvard,    191 1. 

1  Arthur  Edgar Instructor  in  Chemistry 

A.C.,  Lehigh,  1905;  M.S.,   1906;  Ph.D.,  Mass.  Inst,  of  Technology,    1912. 

Charles  A.   Fischer Instructor  in  Mathematics 

A.B.,  Wheaton,   1905;  A.M.,  Illinois,    1910;   Ph.U.,    Chicago,    1912. 

Harry  Linn  Fisher Instructor  in  Organic  Chemistry 

A.B.,   Williams,    1909;    A.M.,    Columbia,    1910. 

Harry  F.  Gardner Instructor  in  Mineralogy 

B.S.,  Michigan,   1912. 

Robert  M.  Isham Instructor  in  Analytical  Chemistry 

B.A.,  Nebraska  Wesleyan,    1909;   M.A.,  University  of   Nebraska,    19 10. 

Robert  H.  Lombard Instructor  in  Chemistry 

S.B.,   Massachusetts   Institute  of  Technology,    1910. 

Robert  K.  Murphy Instructor  in  Engineering  Chemistry 

Chem.E.,   Columbia,   191 1. 

Arthur  W.  S.  Thomas Instructor  in  Food  Chemistry 

Chemist,   Columbia,    19 12. 

Herbert  L.  Whittemore Instructor  in  Mechanics 

B.S.,   Wisconsin,   1903. 

George  F.  Wieser Instructor  in  Mechanical  Engineering 

Ph.B.,  Marietta,   1907;  M.E.,   Cornell,   1910. 

William  W.  Stifler Instructor  in  Physics 

A.B.,  Shurtleff,   1902;  A.M.,  Illinois,   1908;   Ph.D.,    1911. 

Walter  W.  McKirahan Instructor  in  Analytical  Chemistry 

A.B.,   Muskingum,    1905. 

Lecturers 
William  S.  Day Lecturer  in  Physics 

A.B.,  Columbia,  1884;  Ph.D.,  Johns  Hopkins,  1897. 
Julian  Blanchard Lecturer  in  Physics 

A.B.,  Trinity    (N.   C),   1905;  A.M.,   Columbia,   1909. 

Curator   in   Paleontology 

1Absent   on  leave    1913-14. 
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Assistants 
Bernard  O.  Dodge Research  Assistant  in  Botany 

Ph.B.,  Wisconsin,  1909. 

Harold  Perrine Assistant  in  Civil  Engineering 

A.B.,  Columbia,   1908;  A.M.,    1909. 

George  A.  Scott Assistant  in  Physics 

B.S.,  Wisconsin,   1902. 

Edgar   Altenburg Assistant  in  Botany 

A.B.,  Columbia,  191 1. 

Clement  S.  Brainin Assistant  in  Physics 

A.B.,  Columbia,  1908. 
Everend  L.  Bruce Assistant  in  Mineralogy 

B.Sc,  Queen's,   1909;  B.A.,  191 1. 

Fred  D.  Fromme Assistant  in  Botany 

B.S.,  South  Dakota  State  College,  191 1. 

George  A.  Pfeiffer Assistant  in  Mathematics 

M.E.,  Stevens,   1910;  A.M..  Columbia,   1911. 

William  Hunt  Murphy Assistant  in  Physics 

B.S.,  McGill,    1908. 
Harold  P.  Banks Assistant  in  Metallurgy 

A.B.,   Columbia,    1910;    E.M.,    1911. 

Robert  P.  Calvert Research  Assistant  in  Chemistry 

A.B.,   Oklahoma,   1909;  A.M.,   1910;    S.M.,  Chicago,   1911. 

James  B.  Coleman Assistant  in  Physics 

B.S.,  South   Carolina,   1906;   A.M.,    1910. 

Otto  Kunkel Assistant  in  Botany 

B.S.,  Missouri,   1909;   A.M.,    1910;   A.M.,    191 1. 

John  A.  McKinley,  Jr Assistant  in  Drawing 

Alexander  Lowy Laboratory  Assistant  in  Electro-Chemistry 

B.S.,   Columbia,  191 1;  A.M.,   1912. 

Frank  J.  Mackin Assistant  in  Mathematics 

B.S.,  Columbia,  1912. 

Percy  W.   Punnett Assistant  in  Chemistry 

B.S.,  Rochester,  191 1;  A.M.,  Columbia,   1912. 

Warren  S.  Smith Assistant  in  Geology 

B.S.,   Washington,    1912. 

Francis  M.  Van  Tuyl Assistant  in  Paleontology 

A.B.,  Iowa,  191 1 ;  M.S..  1912. 

Assistant  in   Electrical   Engineering 

Assistant  in   Electrical   Engineering 

Assistant  in  Civil  Engineering 

Assistant  in  Physics 

Laboratory    Assistant    in    Chemistry 

Laboratory    Assistant    in    Chemistry 

Laboratory  Assistant  in  Physical  Chemistry 

Laboratory  Assistant  in  Engineering  Chemistry 


TEACHING  STAFF  9 

Special  Lecturers  for  1912-1913 
IWt  Van  Aksdale  Noras,  EM.... Drainage,  Ventilation  and  the 

Consniting  Engine.  C„a,  Dcp...  D.    L  f  w'^'r^"""'  "'  j1/"'" 
JAMES  O^'  ***"*  G°"  ^«« 

*»*  profeSs„v  ofM^g  ;;-,;;•  ^;;;^  ^r " *"*"" 
jAMESd^YE- ;;: r*<  «««*  •/ «-  r**. 

Benjamin  B.  Thayer ~,      D 

President,  Anaconda  CoppeV  Mi'ning'  Co.' ''    ^"^ 

Rossiter  W.  Raymond,  PhD  77     •        •       .     r 

Consulting  Engineer.  Engineering  in  Japan 

H.  G.  Davis A     ,       . 

Superintendent,  D.,'  l/  &  w  Coal*Co." Anthracite  Mining 

James  Douglas,  Ph.D Mo.  „ 

President,  Copper  Queen  Consoled  Mining  Cc         ^    ^   ^^ 
Arthur  SD  wight,  KM The  Sintering  and  Roasting  of  Ore 

Pres.dent,   Dwight-Lloyd  Sintering  Co.  U      T         ° 

George  C   Stone,  Chemist Metallurgy  of  Zinc 

Consulting  Engineer,   New  Jersey  Zinc   Co. 

H.  B.  B.  Yergason,  A.B **  ,  „ 

Advertising  Manager,  Roge^  B^wn**  Co! ^***W   of  Iron 

W.  F.  Thomas    CE Reinforced  Concrete  Construction 

Assistant  Engineer,  Weber  Construction  Co.  construction 

E.  C  Church,  CE Ca     .-      . 

Department  of  Water  Supply. Specifications 

T.  E.  Snook,  CE at.,.      ,  ^     . 

Chief  Engineer,  j.  b.  Snook  a  s^ ^ehiteetural  Engineering 

LINCOc1s^:°pT  M°SS-n  ; '. E!™<°"  and  Conveyors 

Consulting  Engineer,   Robins  Conveyor   Co. 

Frederick  A.  Halsey.  . .  c,    t  n 

Editor  Emeritus,  "American"  MaVhini's't." ^  Pr0CCSSCS 

F.   V.   D.   LONGACRE , .      ,  ,      .  . 

^    Engineer,   Ingersoll-Rand   Co.        Aw  Machw^ 

F   F   Nickel 

'  Engineer!  H^  R  ",£i££  Co' ^"'^'"^  ^*'»^ 

CLYD\v^Pw  CE'  "i"«*-*rf  P"ft«i  0/  «.  AT™  Cra„rf  CV„/™/ 

With  Warren  &  Whetmore,  Architects.  Terminal 

Roy  V   Wright M.E Steel  Cars  and  their  Construction 

Managing  Editor,  "Railway  Age  Gazette  » 
William  Bradshaw,  E.E Electrk  w     M 

Westinghouse  Electric  and  Mfg    Co  fKr' 

W-'WiJS!?fcM : Eleetric  Elevators 

Wiujag^  £2  C;: ^f0fc'°» " £to-  **»» 
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E    A    LoF Electricity  in  Mining 

General  Electric   Co. 

C.  J.  Fechheimer Present  Tendencies  in  A.  C.  Design 

Crocker-Wheeler  Co.  ,     . 

A.  E.  Kennelly,  A.M.,  D.Sc.  .The  Math,  of  Loner  Dist.  Transmission  of 

Trofessor  Electrical   Engineering,   Harvard   University.  Fower 

C   G  Kilbourne,  E.E... Distribution  System  of  the  Nezv  York  Edison 

Assistant  Chief  Engineer,  New  York  Edison  Co.  Company 

R.  B.  Treat,  E.E Application  of  Electric  Motors  to  Steel  Mills 

Chief  of  D.   C.  Design,   Crocker-Wheeler  Co. 

Fred.  B.  Corey,  M.E Railway  Signaling 

Union   Switch   and   Signal   Co. 

S.  H.   Blake Illumination 

General  Electric  Co. 

A.  L.  Powell,  E.E Illumination 

Assistant  Chief  Illuminating   Engineer,  General   Electric  Co.,  Harrison,  N.  J. 

C.  A.  Browne,  Ph.D Sugar  Production 

Chemist  in  charge  of  New  York   Sugar  Trade  Lahoratory. 

W.  D.  Horne,  Ph.D Sugar  Refining 

Chemist,   National   Sugar  Refining   Co. 

II.  C.  Humphreys,  Ph.D Starch  and  Glucose 

Chemist,    Corn   Products   Refining   Co. 

C  E   North   M.D Sanitary  Milk  Production 

Consulting  Sanitarian  and   Secretary,   New  York  Dairy  Demonstration  Co. 

Robert  Schwarz,  B-S Fermentation  Industries 

Fermentation  Expert. 
A.  II.  Elliott,  Ph.D Gas  Industry 

Consulting  Engineer,   Consolidated   Gas   Co. 

Charles  F.  McKenna,  Ph.D Cement  Industry 

Consulting  Chemist. 

A.  A.  Noyes,  Ph.D The  Significance  of  the  Free  Energy  of 

'  Chemical  Reactions 

Director  of  Research  Lahoratory  of  Physical  Chemistry,  Mass.  Inst  of  Tech. 

E    C.  Franklin,  Ph.D The  Ammonia  System  of  Acids 

Bases  ana  oalts 
Director  of   Hygienic  Laboratory,  Public  Health   Service,  Washington. 

Marcus  Benjamin,  Ph.D.,  LL.D Some  Columbia  Chemists 

Editor,  U.   S.  National  Museum. 

F.  K.  Cameron,  Ph.D.  .The  Solution  of  the  Potash  Problem  in  America 

Bureau  of' Soils,  U.   S.   Department  of  Agriculture. 

H.  L.  Fairchild,  Sc.D Glacial  Geology  of  Nezv  York  State 

Professor  of  Geology,  Rochester  University. 

W    M    Dwis    Sc.D.... Physiographic  Methods  and  Descriptions  with 
w-  iu.  ua*  a,  j  Illustrations  from  Special  Regions 

America's  leading  Geographer  and  Physiographer. 

Ebwab,  Brian.  ScD..C«*«*V  Oscillations  a,^  SMfirt* 

Professor  of  Geography,  University  of  Vienna,  Austria. 

C^rl  Uhlig,  Ph.D Geology  of  German  West  Africa 

Professor  of  Geography,   University  of  Tubingen,  Germany. 


TEACHING  STAFF  „ 

D.  F.  McDonald,  p1,  d  ^  ^  p 

Geologist,  Panama  Canal  Zone. 

toAfS!'D"  1  r Cystography  of  the  Central  Andes 

Assistant  Professor  of  Geography,  Yale  University. 

N.  H.  DART0N....7A,  Making  of  Structural  Geologie  Maps  to  Show 

U.  S.  Geological  Survey.  Large  Econ<>mic  Relations 

John  A.  Bensel,  M.E Interrelationship  of  Highways,  Waterways 

New   York   State    Engineer,   Albany,    X.    Y.  Q"d  *&**<&* 

William   H.   Connell Organization   of  Municipal  Highway 

ru-f   v  ,  __.  ,  Departments 

Chief,  Bureau  of  Highways  and  Street  Cleaning,  Philadelphia    Pa 

Morris  L.  Cooke,  M.E.  .Scientific  Management  as  Applied  to  Highway 

tv  ^  Engineering 

Director,   Department  of  Public  Works,   Philadelphia,   Pa. 

C.  A.  Crane.... Proposals,  Contracts  and  Bonds  from  the  Standpoint 

c       .        „,,     „  °f  the  Contractor 

Secretary,  The  General  Contractors  Association,  New  York  City 

Walter  W   Crosby,  C.E.,  D.Sc.  .Engineering  Duties  and  Responsibilities 

as^ansfi^^ssjss  sh**-1  and  Economic  su™y  and 

Charles   Henry  Davis,   C.E Natioml  High 

A     «r    r^  Sf6^*  ^   Hi«hways  Association,    South   Yarmouth,   Mass.' 

A.  W.  Dow    Ph.B.  .    Manufacture  of  Wood  Paving  Blocks 

Chemical  and  Consulting  Paving  Engineer,  New  York  City 

Walter  H    Fulweiler,  B.Sc.  .Manufacture  of  Refined  Water  Gas  Tar 
lliSaSPhia!eSPaa.rCh    *»—*   United   Gas   *££2£t   Co™ 

John  M.  Goodell,  B.Sc,  in  C.E Essentials  of  Technical  Writing 

Consulting  Engineer,  Engineering  Record,  New  York  City 

D.  L.  Hough,  Ph.B.... Highway  Specifications  from  the  Standpoint  of 
■o     -a         m«_    t  the   Contractor 

York -City.  Engineering   and    Contracting   Company,    New 

Arthur  N   Johnson,  SB Concrete  Highway  Bridges 

Mate  Highway  Engineer,  Springfield,  111. 

Nelson  P.  Lewis,  A.B.,  C.E.  .Methods  of  Paying  for  the  Construction 
«..*-."■«  °f  Street  Pavements 

t     r*    xt  Engmeer,  Board  of  Estimate  and  Apportionment,  New  York  City 

J.  C.  Nagle,  A.M.,  M.C.E Highways  of  the  Southwest 

Professor  of  Civil  Engineering  and  Dean  of  the  School  of  En-ineerine 
Agricultural  and  Mechanical  College  of  Texas,  Houston,  Texas  & 

Harold  Parker Specifications  Covering  Patented  Pavements 

First  ^"-President,  Hassam  Paving  Company,  Worcester,  Mass 

H.  B.  Pullar Mining  of  Gilsonite  and  Manufacture  of  Gilsonite 

a    •  .    .  »,  Products 

tr^zr^^j,  dT  Chemist' American  Asphait"m  -d  ™- 

J.  M.  F.  de  Pulligny,  A.B.,  B.S.  The  Public  Service  of  Roads  in  France 

Ingenieur    en    Chef    des    Ponts    et    Chaussees,    et    Directeur     Mission 
Francaise  d'Ingenieurs  aux  Etats-Unis,  New  York  City  Mission 
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John  R.  Rablin Metropolitan  Park  Systems 

Chief  Engineer,  Massachusetts  Metropolitan  Park  Commission,  Boston, 

Mass. 

Clifford  Richardson,  A.B.. The  Economics  of  Highway  Construction 

Consulting  Engineer,  New  York  City. 

Philip  P.  Sharples,  A.B Manufacture  of  Refined  Water  Gas  Tar 

Chief  Chemist,  Barrett  Manufacturing  Company. 

Francis  P.  Smith,  Ph.B Maintenance  of  Sheet  Asphalt  Pavements 

Chemical  and  Consulting  Paving  Engineer,  New  York  City. 

Albert  Sommer,  D.Ing Mining  and  Refining  of  Asphaltic  Oils 

Consulting   Chemist,   New  York  City. 

George  W.  Tillson,  C.E Details  of  Construction  of  Car  Tracks 

in  City  Pavements 

Consulting  Engineer,  Borough  of  Brooklyn,  New  York  City. 

University   Officers  of  Administration 

Frank  Dieiil  Fackenthal,  A.B Secretary  of  the  University 

Frank  A.  Dickey,  A.B Registrar  of  the  University 

Charles  S.  Danielson Bursar 

Henry  L.  Norris,  M.E Superintendent  of  Buildings  and  Grounds 

Malcolm   M.   Roy,   A.B Secretary   of  Appointments 

Chaplain  of  the   University 
Rev.  Raymond  C.  Knox,  B.D. 

Medical   Director  of  the   Gymnasium 
George  L.  Meylan,  M.D. 

Secretary  of  Earl   Hall 

Reuben  A.  Meyers,  A.B. 

Health  and  Sanitary  Officer 
William  H.  McCastline,  M.D. 


ADMISSION  I3 

INTRODUCTORY 

The  first  step  for  the  foundation  of  a  Faculty  of  Applied  Science 
was  taken  in  1864,  when  the  Trustees  approved  the  creation  of  a 
School  of  Mines,  in  which  courses  were  later  established  in  civil 
engineering,  chemistry,  and  metallurgy.  The  growth  of  these  courses 
made  it  seem  desirable  to  adopt  some  more  comprehensive  name  than 
the  historic  title  "School  of  Mines,"  so  that  in  1896  the  Schools  of 
Engineering  and  Chemistry  were  set  off  from  the  School  of  Mines, 
the  three  schools  remaining,  however,  under  the  jurisdiction  of  a 
single  faculty: 

1.  The  School  of  Mines,  with  four-year  courses  leading  to  the  de- 
grees of  Engineer  of  Mines  and  of  Metallurgical  Engineer. 

2.  The  School  of  Engineering,  with  four-year  courses  in  Civil  En- 
gineering, Sanitary  Engineering,  Electrical  Engineering,  and  Mechani- 
cal Engineering,  leading  to  the  degrees  of  Civil  Engineer,  Electrical 
Engineer,  and  Mechanical  Engineer  respectively, 

3.  The  School  of  Chemistry,  with  four-year  courses,  leading  to 
the  degrees  of  Chemist  and  Chemical  Engineer. 

The  courses  are  intended  to  meet  the  requirements  of  the  several 
professions  indicated;  and  many  of  them  permit  a  certain  amount  of 
specialization,  particularly  in  the  fourth  year.  The  work  in  the  School 
of  Mines  is  so  arranged  that  the  student  can  emphasize  the  engineering, 
the  metallurgical,  or  the  geological  side  of  his  profession. 

Candidates  for  a  professional  degree  who  have  some  special  end  in 
view  are  occasionally  permitted  to  vary  the  regular  course  by  substi- 
tuting other  courses  offered  under  the  Faculty  of  Applied  Science. 
Students  holding  an  approved  academic  degree  may  become  candidates 
for  the  degree  of  Master  of  Arts  or  Doctor  of  Philosophy  (see  page 
27).  ^  Non-matriculated  students,  properly  qualified  by  age,  special 
training  and  experience  and  by  ability,  may  sometimes  pursue  advanced 
studies  of  original  research. 

In  the  regular  Summer  Session  held  at  the  University  in  July  and 
August  of  each  year  and  in  the  Department  of  Extension  Teaching 
many  courses  of  assistance  to  engineering  students  are  offered.  The 
Announcement  of  the  Summer  Session  and  the  Announcement  of  Ex- 
tension Teaching  will  be  sent  upon  application  to  the  Secretary  of  the 
University. 

ADMISSION 

Until  1914  admission  to  the  Schools  of  Mines,  Engineering  and 
Chemistry  will  continue  to  be  by  examination,  and  by  certificate  from 
approved  degree-granting  institutions  in  so  far  as  the  certification  cor- 
responds specifically  with  the  stated  requirements.  Beginning  with  19 14 
the  new  requirements  described  on  page  19  will  go  into  effect. 
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Except  for  reasons  of  weight,  candidates  for  admission  to  the  first- 
year  class  must  be  at  least  eighteen  years  of  age  at  the  time  of  matricu- 
lation, and  correspondingly  older  for  admission  to  advanced  standing. 
Each  candidate  must  before  admission  present  a  certificate  of  good 
moral  character  from  his  last  teacher  or  from  some  citizen  of  good 
standing.  Students  from  other  colleges  or  universities  must  bring  cer- 
tificates of  honorable  dismissal.  Students  are  admitted  subject  to  the 
disciplinary  powers  of  the  University  authorities. 

All  requests  for  information  regarding  admission  should  be  addressed 
to  the  Secretary  of  the  University. 


Collegiate  Preparation  Recommended 

For  new  requirement  to  go  into  effect  in  September,  1914,  see  p.  19. 

The  liberal  training  offered  by  a  preliminary  Collegiate  Course  is 
quite  as  important  to  engineers,  metallurgists  and  chemists  as  to  law- 
yers, physicians  or  clergymen,  and  is  strongly  recommended  by  the 
Faculty  of  Applied  Science.  This,  however,  does  not  and  should  not 
involve  a  residence  of  eight  years  in  college  and  technical  school  before 
a  candidate  receives  the  professional  degree. 

A  graduate  of  any  good  college  who  has  selected  his  course  with 
reference  to  future  work  in  applied  science  is  able  to  complete  the 
requirements  for  a  degree  in  the  Schools  of  Mines,  Engineering  and 
Chemistry  in  less  than  four  years  after  receiving  the  Bachelor's  degree. 
The  opportunities  for  close  articulation  between  Columbia  College  and 
these  Schools  are  particularly  good.  Under  the  provisions  of  the  new 
program  it  is  possible  for  a  well-prepared  student  to  complete  the 
requirements  for  both  the  collegiate  and  professional  degrees  in  six 
years. 

This  six  year  combined  course  includes  two  years  College  work  in 
English,  two  years  in  either  French  or  German  and  one  year  each  in 
History  and  Philosophy,  all  of  these  being  prescribed  for  the  College 
degree  in  addition  to  the  courses  included  in  the  professional  programs. 
The  necessary  total  of  College  credits  for  the  Bachelor's  degree  is 
made  up  by  the  election  of  four  or  more  non-technical  courses,  the 
exact  number  depending  on  the  subjects  offered  for  admission.  These 
should  include  work  in  Economics  and  according  to  the  students'  own 
preferences,  additional  work  in  English,  History,  Philosophy  or  modern 
languages  (Spanish,  for  example),  or  work  in  Latin,  Politics,  or  in 
some  Natural  Science  not  included  in  the  professional  program.  In 
general  it  is  better  to  lay  a  broad  foundation  for  future  professional 
study  than  to  attempt  the  anticipation  of  courses  which  are  later  to  be 
dealt  with  intensively  in  the  professional  program. 


ADMISSION  15 

Requirements   for  Admission  without   Collegiate  Preparation 

Every  candidate  must  offer  at  the  entrance  examinations  (see  below) 
subjects  amounting  to  fourteen  and  one-half  "units."  A  To  the 
unit  represents  a  course  of  five  periods  a  week  for  one  year  First  Year 
in  the  secondary  school.  Class 

Total  requirement 14^  units 

The  candidate  must  offer: 

nu       •   ,  Counting  in   Units 

Chemistry   j 

Drawing l 

Elementary  French 

or 
Elementary  German 

English 

Mathematics  2lA 

Physics ! 

and  three  units  from  the  following: 
Elementary  French  ) 

or  I  see  above 2 

Elementary  German  ) 

Elementary  Spanish 2 

Elementary  Latin 2 

Intermediate  French 

Intermediate  German 

Ancient  History 

Modern  and  Mediaeval  History, 

American  History 

English  History 

Botany  

Physiography  

Zoology   

Shopwork  

Candidates  for  degrees  of  Engineer  of  Mines,  Metallurgical  and 
Chemical  Engineer  or  Chemist,  are  recommended  to  offer  Elementary 
and  Intermediate  German. 

It  is  suggested  that  candidates  deficient  in  entrance  subjects  in 
June  arrange  to  take  courses  in  them  in  the  Summer  Session  of 
Columbia  University,  the  announcement  of  which  will  be  sent  upon 
application  to  the  Secretary  of  the  University.  Certain  of  the  entrance 
subjects  may  also  be  pursued  under  the  Department  of  Extension 
Teaching. 

The  examination  requirements  for  admission  may  be  satisfied  by 
any  one  of  the  three  following  means,  or  by  any  approved  combination 
thereof: 
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Entrance  I.  By  the  examinations  of  the  College  Entrance 

Examinations  Examination  Board.  These  examinations  are  held 
annually  in  June,  in  1913,  beginning  on  June  16th,  at  Columbia  Univer- 
sity and  at  about  one  hundred  and  fifty  other  educational  centers  in 
the  United  States  and  Europe.  A  complete  list  of  the  places  and  times 
of  such  examinations,  together  with  the  regulations  governing  them, 
may  be  obtained  from  the  Secretary  of  the  College  Entrance  Examina- 
tion Board,  Post  Office  Sub-Station  84,  New  York  City. 

2.  By  the  examinations  conducted  by  the  Columbia  University  Com- 
mittee on  Undergraduate  Admissions.  These  examinations  are  held 
in  September  and  January  of  each  year  (beginning  on  September  15, 
1913,  and  January  12,   1914),  and  only  at  the  University. 

3.  By  certain  of  the  examinations  of  the  State  Examination  Board 
of  the  New  York  State  Education  Department.  These  examinations 
are  held  in  January  and  June  at  more  than  six  hundred  high  schools 
and  other  institutions  throughout  the  State  of  New  York,  but,  save  in 
exceptional  circumstances,  are  open  only  to  students  in  those  schools. 
Full  information  regarding  the  regulations  governing  them  may  be 
obtained  by  application  to  the  New  York  State  Education  Department, 
Albany,  New  York. 

A  copy  of  the  time-scheme  of  the  examinations  held  by  the  College 
Entrance  Examination  Board  in  June,  and  by  Columbia  University  in 
September  and  January,  together  with  information  as  to  the  proper 
method  of  filing  application-blanks  for  these  examinations,  the  payment 
of  fees,  the  division  of  examinations,  and  also  detailed  definitions  of  the 
requirements  in  each  admission  subject,  is  given  in  the  bulletin  of 
Entrance  Examinations  and  Admission  for  1913,  which  may  be  had 
upon  application  to  the  Secretary  of  the  University. 

A  candidate  may  present  himself  at  any  of  the  series  of  examina- 
tions  scheduled   above,  and  the   results   may  be  credited  toward   the 

_        .    .  fulfillment  of  the  requirements  for  admission,  subject 

Restrictions  ,      -  ..  L  .  ,. 

_  .  to  the  following  restrictions: 

Governing  .... 

Examinations  L  A  candidate  in  making  application  for  examina- 

tion must  submit  a  statement  from  the  principal  of 
his  school,  or  from  his  last  instructor,  indicating  the  extent  and  char- 
acter of  his  preparation  in  each  subject  in  which  he  applies  for  examina- 
tion, and  credit  may  be  withheld  when  this  requirement  is  not  met. 
The  character  of  the  school  record  is  taken  into  account  in  determin- 
ing the  passing  grades  in  the  examinations. 

2.  The  results  of  an  examination  may  stand  to  the  candidate's  credit 
for  twenty-nine  months,  but  no  longer. 

3.  A  candidate  may  not  present  himself  for  examination  more  than 
four  times,  except  by  special  consent  of  the  Committee  on  Undergrad- 
uate Admissions. 

4.  The  results  of  the  examinations  conducted  by  the  New  York  State 
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Examination  Board  can  be  credited  only  in  so  far  as  the  subject-matter 
of  these  examinations  specifically  covers  the  subjects,  or  lettered  or 
numbered  parts  of  a  subject,  which  are  accepted  for  admission  to  the 
Schools  of  Mines,  Engineering  and  Chemistry.  Candidates  who  have 
been  granted  the  College  Entrance  Diploma  issued  by  the  New  York 
State  Education  Department  may  be  admitted  to  the  Schools  of  Mines, 
Engineering  and  Chemistry  free  of  conditions  if  the  directions  given 
on  pages  8  and  9  of  the  Columbia  University  bulletin  of  Entrance  Exam- 
inations and  Admission  have  been  observed.  The  diploma  should  be 
forwarded  to  the  Secretary  of  the  University  together  with  the  applica- 
tion for  admission. 

5.  In  order  to  be  credited  toward  entrance,  the  reports  of  a  candi- 
date's examinations,  together  with  the  statement  of  the  extent  and 
character  of  his  preparation  in  each  subject  offered,  must  be  in  the 
hands  of  the  Committee  on  Undergraduate  Admissions  one  week  prior 
to  the  opening  of  the  term  in  September  or  January. 

6.  The  reports  of  all  examinations  must  be  rendered  to  the  Com- 
mittee on  Undergraduate  Admissions  in  percentages.  The  Committee 
interprets  these  percentages  as  Passed  (P),  or  Failed  (F).  Credit 
toward  admission  is  given  only  for  such  examinations  as  receive  a 
grade  of  P. 

The  uniform  first  year  in  the  Schools  of  Mines,  Engineering  and 
Chemistry,  and  the  efficient  coordination  of  the  subsequent  years,  make 
it    possible    for    graduates    of    colleges    and    scientific 
schools  to  enter  Columbia  University  with  advanced  Advanced 

standing  and  to  complete  the  requirements  for  a  pro-  Standing 

fessional  degree  without  undue  delay  through  conflicts 
and  other  causes.  It  is  very  desirable,  however,  that  students  in  other 
colleges  who  are  planning  to  take  professional  work  after  graduation 
should  get  into  correspondence  with  the  University  as  early  as  possible. 
If  this  is  done  they  may  receive  advice  with  regard  to  the  most  advan- 
tageous collegiate  subjects  to  elect,  and  also  with  regard  to  the  summer 
courses  of  Columbia  University.  By  taking  certain  summer  work  at 
the  University  in  advance,  a  student  may  sometimes  save  six  months 
or  a  year  in  entering  upon  his  professional  career. 

Candidates  for  admission  to  advanced  standing  should  make  applica- 
tion in  writing  to  the  Chairman  of  the  Committee  on  Undergraduate 
Admissions  in  time  to  reach  him  on  or  before  September  8,  1913.1 
The  application  must  be  accompanied  by  properly  certified  official  state- 
ments of  his  standing  in  the  subjects  which  he  offers. 

The  Committee  will  notify  the  candidate  at  the  address  given  in  his 
letter,  between  September  8  and  12,  1913,  what  courses,  of  those 
offered,  are  accepted  as  equivalent  to  courses  at  Columbia  University. 
In  general,  the  Committee  gives  credit  for  complete  courses  only.1    In 

1When  the  candidate  is  at  a  considerable  distance  from  the  University,  his  appli- 
cation should,  if  possible,  be  made  earlier  than  September  in  order  that  he  may 
receive  the  reply  in  time  to  present  himself  at  the  University  on  September  15,  191 3. 
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cases  where  the  work  previously  done  by  the  candidate  has  not  been 
accepted  by  the  Committee,  the  candidate  should  present  himself  at 
regular  fall  examinations  during  the  two  weeks  immediately  preceding 
the  opening  of  the  University  (in  1913,  September  15-22).  For  courses 
in  which  no  regular  fall  examination  is  held,  the  candidate  should 
report  between  10  a.m.  and  12  m.  at  the  Dean's  office.  The  schedule 
of  fall  examinations  may  be  obtained  from  the  Registrar. 

Admission  to  Special  Courses  of  Study 

Graduates  of  these  Schools,  and  other  institutions  of  equal  grade, 
may  pursue  any  subjects  taught  in  the  schools  for  which  they  are 
qualified. 

Persons  of  mature  age  who  are  not  graduates,  but  who  show  special 
qualifications,  are  sometimes  permitted  to  pursue  special  courses  of 
study,  but  this  permission  is  not  given  to  others. 

Except  by  vote  of  the  Committee  on  Undergraduate  Admissions  no 
one  will  be  admitted  as  a  non-matriculated  student  who  has  been  refused 
admission,  or  has  failed  in  his  work,  as  a  candidate  for  a  degree. 

Persons  who  wish  merely  to  pursue  elementary  subjects  are  not  re- 
ceived as  non-matriculated  students. 

Non-matriculated  students  will  be  held  to  the  observance  of  the  same 
regulations  as  to  attendance,  examination  and  proficiency  as  matriculated 
students. 

Admission  on  Probation 

Every  first-year  student  admitted  conditionally  will  be  held  under 
probation  during  the  first  half-year  of  residence.  So  far  as  possible, 
students  on  probation  are  given  the  opportunity  in  Columbia  College 
or  in  the  Department  of  Extension  Teaching,  to  make  good  their  de- 
ficiencies. Not  later  than  the  end  of  this  period,  the  Dean,  on  the  basis 
of  reports  from  the  head  of  each  department  in  which  the  student  is 
registered,  will  decide  whether  he  shall  be  admitted  to  full  standing, 
have  his  period  of  probation  extended,  or  be  dropped  from  the  roll. 
The  grade  of  B  or  higher,  obtained  in  any  subject  at  the  end  of  the  first 
half-year  of  residence,  will  be  regarded  as  removing  an  entrance  con- 
dition in  that  subject,  unless  the  condition  was  incurred  in  a  part  of 
the  subject  not  directly  involved  in  the  work  of  the  course.  Any  con- 
dition not  so  removed  must  be  satisfied  by  formal  examination. 

ADVICE  TO  STUDENTS 

Each  student  is  on  entrance  assigned  to  an  officer  of  instruction, 
who  acts  as  his  academic  adviser.  The  adviser  is  kept  informed  as  to 
the  attendance  and  standing  of  all  such  students  in  their  academic 
work  and  as  to  the  extent  and  character  of  their  participation  in  extra- 

JIn  cases  where  credit  for  part  of  a  course  might  be  given,  the  candidate  should 
present  his  case  to  the  Chairman  of  the  Committee  on  Undergraduate  Admissions, 
at  the  times  given  above,  bringing  drawings,  note-books,  or  other  evidence  showing 
the  scope  and  character  of  his  work. 
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curricular  activities,  and  he  advises  students  on  all  these  and  other 
matters  that  concern  them  as  students. 

Reports  of  standing  are  sent  to  the  student,  his  parent  or  guardian, 
his  adviser  and  to  the  Dean  every  five  weeks  for  students  in  the  first 
and  second  classes,  and  at  the  end  of  each  term  for  students  in  the  third 
and  fourth  classes. 

A  student  who  has  not  been  assigned  to  an  adviser  may  apply  to 
the  Dean  for  such  assignment. 


NEW  REQUIREMENTS  FOR  ADMISSION 
To  go  into  Effect  September,  1914 

Beginning  with  the  year  1914  the  curriculum  of  the  Schools  of 
Mines,  Engineering  and  Chemistry  will  be  reorganized  and  the  re- 
quirement for  admission  will  be  increased.  Three  years  of  specialized 
work  will  be  offered  leading  to  the  several  degrees  in  Engineering  and 
Chemistry.  The  requirements  for  admission  to  these  schools  will  be 
completion  of  at  least  three  years  of  a  college  course  including  thorough 
instruction  in  Mathematics,  Physics,  Chemistry,  and,  in  addition,  cer- 
tain courses  in  Drafting,  Shopwork,  Surveying  and  Mineralogy. 

The  purpose  of  these  changes  is  to  provide  better  and  broader  train- 
ing for  students  of  engineering  and  to  place  the  instruction  in  all  these 
subjects  upon  the  same  basis  as  that  in  Law  and  Medicine.  The  rapid 
development  of  engineering  practice,  the  wider  social  recognition  at- 
tained by  the  engineering  profession  and  the  frequent  demand  that  men 
in  executive  and  administrative  positions  shall  have  an  engineering 
training  make  it  imperative  that  the  engineer  shall  be  a  broadly  edu- 
cated, professional  man.  In  order  to  insure  this  it  is  necessary  that 
the  future  engineer  should  widen  his  intellectual  outlook  by  continuing 
his  general  education  beyond  the  termination  of  the  high  school  course. 
Distinguished  engineers  among  our  alumni  are  sending  their  sons 
through  college  as  a  preliminary  to  entering  upon  professional  study. 
At  the  present  time  nearly  one  hundred  students  are  availing  them- 
selves of  the  opportunity  to  take  the  six-year  combined  college  and 
engineering  course  in  Columbia  University. 

As  a  suitable  preparation  for  this  advanced  work,  a  new  course  has 
been  organized  in  Columbia  College,  leading  to  the  degree  of  B.S.  Half 
the  student's  time  is  given  to  thorough  sequential  work  in  Mathematics, 
Physics,  Chemistry.  Most  of  the  remainder  is  devoted  to  courses  in 
English,  the  Modern  Languages,  History,  Philosophy,  and  the  Political 
Sciences,  and  there  is  some  special  work  in  Drafting,  Surveying,  etc., 
prerequisite  to  the  professional  programs.  This  course  is  so  arranged 
that  a  well-prepared  student  should  be  able  to  complete  it  in  three  years. 
A  student  who  enters  college  at  the  normal  age  would,  therefore,  be 
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able  to  complete  the  preliminary  college  course  and  the  three  years 
professional  course  by  the  age  of  23. 

Students  who  contemplate  entering  our  engineering  school  and  who, 
for  financial,  personal,  or  other  reasons,  expect  to  take  their  college 
work  elsewhere,  would  do  well  to  consult  the  Secretary  of  Columbia 
University  for  advice  as  to  the  selection  and  arrangement  of  their 
courses  with  a  view  to  proper  articulation  between  college  work  and 
the  later  professional  work.  Failure  to  do  this  may  result  in  serious 
loss  of  time. 


REGISTRATION 

Before  attending  any  University  exercises  each  student  must  regis- 
ter, i.  e.,  must  present  himself  in  person  to  furnish  the  information 
necessary  for  the  University  records  and  to  file  a  statement  of  the 
courses  he  is  authorized  to  pursue  (for  the  matriculation  or  registra- 
tion fee,  payable  but  once,  see  below). 

The  office  of  the  Registrar,  201  East  Hall,  will  be  open  for  registra- 
tion from  Wednesday,  September  17,  to  Tuesday,  September  23,  1913. 
New  students  may  register  also  on  September  24.  Credit  for  attend- 
ance will  date  from  September  25. 

Students  prevented,  through  no  fault  of  their  own,  from  completing 
their  registration  in  due  time,  should  file  a  provisional  registration 
blank. 

Registration  at  a  later  date  is  permitted  only  to  candidates  who  ob- 
tain the  written  consent  of  the  Dean,  satisfactory  cause  for  the  delay 
having  been  shown.   (For  the  fee  for  late  registration  see  below.) 

Students  holding  scholarships  are  required  to  register  not  later  than 
the  date  specified  in  the  University  calendar;  failure  to  do  so  may  be 
considered  as  vacating  the  scholarship. 

In  case  of  withdrawal  during  the  academic  year,  students  are  re- 
quired to  file  a  notice  thereof  with  the  Registrar,  on  a  blank  form 
provided  for  the  purpose.  An  honorable  dismissal  is 
.  granted   by  the   Dean   to    any   student  in   good  standing 

over  twenty-one  who  may  desire  to  withdraw,  and,  with 
the  written  assent  of  his  parent  or  guardian,  to  a  student  under  that 
age.  Applications  for  leave  of  absence  should  be  addressed  to  the 
Dean. 


FEES 

The  President  is  under  instructions  to  withdraw  the  privileges  of 
any  student  delinquent  in  payment  after  the  second  Wednesday  of  each 
half-year.  All  regulations  as  to  fees  are  subject  to  change  by  the  Trus- 
tees at  their  discretion. 
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For  Matriculation  or  Registration:    Required  of  all  students  on 

entrance,  payable  but  once $5 

For  late  Registration  (see  above) 5 

For  Changes  of  Registration  after  the  second  Saturday  of  any 
half-year,  for  any  course  or  courses  added  or  dropped  at  any 
one  time ! 

For  Tuition  in  the  Schools  of  Mines,  Engineering  and  Chemistry, 
payable  at  the  beginning  of  each  half-year:  For  matriculated 

students  for  each  half-year I25 

For  non-matriculated  students,  $7.50  per  half-year  for  each 
hour  of  attendance  upon  lectures  and  recitations  per  week; 
with  additional  charges  for  laboratory  work  up  to  $25  per  half- 
year  when  the  number  of  hours  weekly  of  such  work  does  not 
exceed  nine,  and  of  $40  per  half-year  when  the  number  of  hours 
weekly  exceeds  nine;  the  whole  not  to  exceed  $125  per  half- 
year. 

For  the  use  of  the  Gymnasium:    Required  of  all  students  who  do 
not  hold  an  academic  degree;  optional  for  students  holding 

such  a  degree y 

For  examinations,  payable  in  each  case  before  the  examination: 
For  the  first  examination  or  series  of  examinations  (in  Jan- 
uary or  September*)    for  admission 10 

A  single  fee  will  ordinarily  cover  two  consecutive  series 
(see  Bulletin  of  Entrance  Examinations) .  The  initial  ex- 
amination fee  of  $10  is  credited  in  lieu  of  the  matriculation 
or  first  registration  fee,  whenever  the  candidate  thereafter 
enters  the  University. 
For  a  deficiency  examination  or  series  of  deficiency  examina- 
tions held  in  the  week  preceding  the  opening  of  the  first 

half-year,  for  each  course  $5,  with  a  maximum  of 25 

For  a  deficiency  examination  at  any  other  time  than  in  the 
period  designated  above,  whether  taken  at  the  conclusion 
of  a  course  repeated  by  the  student  in  addition  to  his  normal 

schedule,  or  without  such  repetition,  for  each  course1 5 

For  special  examinations  at  unusual  times: 

For  admission,  for  the  series 5 

For  removal  of  deficiencies  in  course,  for  each  course 5 

For  any  professional  degree,  payable  prior  to  filing  of  applica- 
tion'   25 

*The  June  examinations  are  under  the  jurisdiction  of  the  College  Entrance 
Examination  Board  (see  bulletin  of  Entrance  Examinations  and  Admission). 

*  This  applies  to  every  course  in  which  the  student  has  already  received  a  mark 
other  than  passing,  whether  such  mark  was  reported  as  a  failure,  or  merely  as 
incomplete. 

2  Refunded  to  unsuccessful  candidates  upon  application  to  the  Registrar  not 
later  than  June  20  next  ensuing. 
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Summer   Courses   in    Surveying,   Mining   and   Geodesy 

Laboratory  fees,  payable  on  or  before  the  last  Saturday  in  May, 
are  required  as  follows:  Civil  Engineering  course  No.  15,  $25,  or  $7 
per  survey;  No.  25  and  No.  27,  $15,  or  $3.50  per  survey;  No.  26,  $5; 
No.  28   and  No.  71,  $10. 

Non-candidates,  candidates  for  admission  to,  and  students  having 
entered  with  advanced  standing,  who  may  be  required  to  attend  these 
courses,  and  students  who  fail  to  complete  them  in  the  summer  to  which 
they  are  assigned,  are  charged  in  addition  tuition  fees  as  follows:  No. 
15,  $35 ;  No.  25,  No.  27,  No.  28,  and  No.  71,  $25 ;  No.  26,  $10.  Students 
entering  with  credit  for  part  of  course  15  and  students  deficient  in 
separate  surveys  of  that  course  shall  pay  a  tuition  fee  of  $10  for  each 
survey.  A  tuition  fee  of  $6  is  required  for  each  survey  of  courses 
25  or  27  taken  under  similar  conditions.  In  the  case  of  a  student 
registered  in  Columbia  College  who  has  paid  an  additional  fee  under 
the  operation  of  this  rule,  an  equitable  credit  will  be  made  should  he 
later  complete  the  requirements  for  a  professional  degree,  provided 
he  has  taken  the  courses  at  the  time  prescribed  in  the  curriculum. 
In  the  case  of  a  student  admitted  to  advanced  standing  the  additional 
fee  may  be  refunded  in  whole  or  in  part,  according  to  regulations  which 
may  be  learned  from  the  Registrar. 

Candidates  for  admission  to  advanced  standing  who  attend  the  Sum- 
mer Course  in  Practical  Mining  are  required  to  pay  therefor  a  fee 
of  $50. 

All  students  attending  the  Summer  Course  in  Geodesy  must  pay  a 
fee  of  $20  for  the  course. 


Deposits  for  Apparatus,  Supplies  and  for  Keys  to  Desks  and 
Lockers 

A  deposit  for  the  use  of  lockers,  keys,  apparatus,  material,  and  the 
like,  ranging  from  $1  to  $40,  is  required  of  students  in  Mines,  En- 
gineering and  Chemistry.  At  the  end  of  the  academic  year  each  student 
will  be  credited  with  those  articles  which  he  returns  in  good  order, 
and  the  value  of  those  he  has  injured  or  broken  will  be  deducted  from 
his  deposit.     Details  may  be  obtained  from  the  Bursar. 


Residence  Halls  and  University  Commons 

(See   page    131) 

Employment  Committee 
(See   page    132) 
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Comparative   Statement   of   Students'   Probable   Expenses   for   the 
Academic  Year 


Matriculation 

Gymnasium 

Tuition 

Books  

Drafting  material. . . 
Chemical  apparatus  . 

Room  (37  weeks) 

Board  (37  weeks) 

Clothes  and  laundry. 
College  incidentals. . 
Other  expenses 


Summer  Courses  in  Surveying 


Laboratory 

Travelling 

Board  (5  weeks). 


Low 


$6Si 


Average 


%     5 

%     5 

%     5 

7 

7 

7 

250 

250 

250 

30 

45 

60  up 

2 

10 

15  " 

25 

30 

40  " 

90 

129 

180  " 

150 

180 

205  " 

45 

100 

175  " 

2 

15 

25  " 

10 

25 

75  " 

25 

25 

25 

5 

5 

5  up 

35 

35 

35  " 

$S6i 


Liberal 


$1102 


The  expense  for  summer  courses  in  surveying  applies  to  all  cur- 
riculums  during  the  first  summer  only;  for  Mining  and  Metallurgical 
Engineering  students  during  two  summers;  for  Civil  and  Sanitary 
Engineers  three  summers. 


RULES  GOVERNING  STUDENTS 

1.  A  student  cannot  be  a  candidate  for  more  than  one  professional 
degree  at  the  same  time. 

2.  A  candidate  for  a  degree  must  comply  with  all  requirements  in 
force  at  the  time  said  degree  is  conferred. 

3.  A  student  will  be  permitted  to  substitute  one  subject  for  another 
provided  he  obtains  the  consent  of  the  Dean,  the  heads  of  departments 
concerned  and  the  head  of  the  department  giving  the  technical  instruc- 
tion leading  to  the  degree. 

4.  A  student  absent  from  more  than  one-tenth  of  the  required 
exercises  will  be  debarred  from  examination  in  that  subject.  No 
student  shall  be  exempt  from  this  regulation  except  by  action  of  the 
Committee  on  Instruction. 

5.  After  examinations  have  been  held,  officers  shall  report  to  the 
Registrar  the  standing  of  all  students  who  have  attended  their  courses, 
in  terms  of  the  letters  "A,"  "B,"  "C,"  "D"  and  "F."  "A,"  "B"  and 
"C"  to  be  passing  grades,  "D"  signifying  a  deficiency  removable  by 
re-examination,  and  "F"  a  complete  failure.  Reports  of  standing  will 
be  sent  to  First-  and  Second-year  students  every  five  weeks,  and  to 
Third-  and  Fourth-year  students  at  the  end  of  each  term.  Copies 
of  all  reports  are  at  the  same  time  sent  to  the  Dean,  to  the  Faculty 
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adviser  and,  in  the  case  of  First-  and  Second-year  students,  to  the 
parent  or  guardian.  They  will  be  sent  to  the  parent  or  guardian  of 
Third-  and  Fourth-year  students  only  on  request. 

6.  Regular  examinations  shall  be  held  at  the  end  of  the  first  half- 
year,  and  at  the  end  of  the  second  half-year  in  all  subjects  offered 
during  those  respective  periods.  An  examination  may  be  held  at  the 
completion  of  any  subject  which  does  not  extend  throughout  the  given 
half-year. 

7-  Special  examinations  for  students  deficient  at  regular  exam- 
inations shall  be  held  during  the  two  weeks  in  September  preceding 
the  opening  of  the  next  following  academic  year;  and  for  members 
of  the  fourth  class  in  subjects  belonging  to  that  year  only,  during  the 
first  week  in  May. 

Students  who  have  been  debarred  and  students  who  have  received  a 
grade  of  "F"  are  excluded  from  such  examinations  in  accordance  with 
the  terms  of  the  following  rule: 

Any  student  who  shall  have  been  debarred  from  or  shall  have  re- 
ceived a  grade  of  "F"  in  any  midyear  or  final  examination  in  any  sub- 
ject shall  not  be  allowed  to  take  a  deficiency  or  make-up  examination 
in  said  subject  until  he  shall  have  repeated  said  course  in  class. 

8.  Failure  to  pass  a  Summer  Session  course,  credit  for  which  would 
be  accepted  as  equivalent  to  a  regular  undergraduate  course  in  the 
Schools  of  Mines,  Engineering  and  Chemistry,  shall  be  counted,  in 
case  a  student  registers  for  said  course,  as  one  of  the  three  failures 
referred  to  in  Rule  io. 

9-  The  fee  for  special  examinations  is  $5  for  each  course,  which  must 
be  paid  when  the  application  is  made.  For  special  examinations  in 
the  September  series  the  maximum  fee  is  $25. 

10.  A  student  failing  to  pass  in  any  subject  at  the  regular  exam- 
inations must  present  himself  for  special  examination  as  provided 
under  Rule  7. 

Failing  to  pass  the  second  examination,  he  must  repeat  the  sub- 
ject with  the  next  class.  Failing  a  third  time  to  pass  a  satisfactory 
examination  he  may  be  dropped  from  the  roll  of  the  School. 

11.  Absence  from  any  regular  or  special  examination  provided 
for  in  Rules  7  and  8  shall  count  as  a  failure  unless  excused  by  the 
Dean  for  reasons  of  weight. 

12.  No  student  having  an  entrance  deficiency  shall  be  permitted  to 
register  for  any  subject  of  the  second,  third  or  fourth  year  without  the 
written  consent  of  the  Dean,  and  no  student  shall  be  permitted  to  register 
for  any  subject  the  prerequisites  for  which  have  not  been  satisfied  by  him 
unless  the  Dean,  for  reasons  of  weight,  grants  him  special  permission. 

13.  Any  student  who  shall  have  passed  a  satisfactory  examination 
in  Columbia  College  in  any  subject  forming  a  part  of  one  of  the  pro- 
fessional courses  in  the  Schools  of  Mines,  Engineering  and  Chemistry 
will  not  be  required  to  pursue  that  subject  a  second  time. 


RULES  GOVERNING  STUDENTS  25 

14.  During  vacations  following  the  close  of  each  year,  memoirs  on 
assigned  subjects  must  be  prepared  by  the  students  in  the  courses  of 
Mining,  Metallurgy,  Civil  Engineering,  Electrical  Engineering,  Mechan- 
ical Engineering,  Chemical  Engineering,  and  Chemistry.  The  time 
specified  for  the  completion  and  handing  in  of  memoirs  will  be  as  stated 
in  the  respective  departmental  announcements. 

A  student  failing  to  hand  in  his  memoir,  drawings  or  other  summer 
work  at  the  time  specified  by  the  department  in  which  he  is  registered 
shall  be  considered  to  have  failed;  to  have  his  work  received  later,  he 
will  be  obliged  to  pay  a  fee  of  $5,  as  for  a  special  examination. 

15.  By  permission  of  the  Dean,  and  concurrence  of  the  heads  of 
departments  concerned,  a  student  may  attend  subjects  not  required  for 
his  degree,  provided  such  attendance  does  not  interfere  with  his  regular 
work.  He  must  fulfill  all  the  requirements  exacted  from  regular 
students  in  such  course. 

Application  for  each  special  examination,  except  as  provided  below, 
must  be  filed  at  the  office  of  the  Registrar  at  least  one  week  before 
the  examination  is  to  be  taken,  and  in  September  and  May  at  least  one 
week  before  the  first  day  of  the  respective  examination  periods  (in 
1913-14  not  later  than  Monday,  September  8,  and  Thursday,  April  23, 
respectively).  For  later  application  an  additional  fee  of  $5  for  any 
examination  or  series  of  examinations  will  be  charged.  Applications 
must  be  made  on  blanks  (one  for  each  course)  to  be  obtained  from 
the  Registrar. 

During  the  academic  year  students  will  be  held  responsible  for  the 
receipt  of  reports  and  other  official  communications  sent  to  them  at 
the  coat  room  in  University  Hall.  During  the  summer  vacation  they 
will  be  held  responsible  for  the  receipt  of  such  communications  sent 
to  their  home  address  as  given  on  their  registration  blank  for  the 
preceding  academic  year. 

SCHOLARSHIPS 

Fifty  scholarships  of  $250  each,  payable  in  semi-annual  instalments 
during  the  maintenance  of  a  satisfactory  grade,  are  available  to  students 
in  Mining,  Engineering  and  Chemistry  who  are  in  good  academic  stand- 
ing, and  in  need  of  pecuniary  aid.  The  awards  are  not  based  on  compet- 
itive examinations.     Scholars  are  not  exempt  from  the  payment  of  fees. 

Applications  for  appointment  or  reappointment  should  be  made  on 
blanks  furnished  by  the  Secretary  of  the  University,  and  filed  with  him 
on  or  before  May  1. 

As  far  as  possible  awards  will  be  made  not  later  than  July  1  by  the 
Committee  on  Scholarships.  Scholarships  not  allotted  at  this  time,  or 
becoming  vacant,  may  be  filled  by  the  Committee  at  its  discretion. 

In  detail  these  Scholarships  are  as  follows : 

Open  to  students  who  have  been  in  the  University  at  least  one  year: 
7  J.  Pierpont  Morgan,  7  Cornelius  Vanderbilt,  10  D.  Willis  James, 
1  Morris  K.  Jesup,  1  Samuel  D.  Babcock,  1  Oswald  Ottendorfer. 
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Open  to  students  of  any  class— 8  Faculty,  15  Special.  The  Richard 
Butler  scholarship  open  to  students  born  in  Ohio  (for  special  regula- 
tions see  University  catalogue)  has  an  annual  value  of  $200. 

In  addition  40  Pulitzer  Scholarships,  carrying  free  tuition  and  a 
stipend  of  $250,  are  open  to  competition  by  graduates  of  the  New  York 
City  High   Schools. 

Marcus  Daly  Scholarship  in  Mining  Engineering 
The  Marcus  Daly  Scholarship  of  the  annual  value  of  $1,000,  main- 
tained by  Mrs.  James  W.  Gerard  in  memory  of  her  father,  is  open  to 
that  worker  or  descendant  of  a  worker  in  the  Montana  mines  who 
passes  the  best  competitive  entrance  examinations.  The  winner  holds 
the  same  throughout  his  course  in  mining  engineering  and  is  subject 
to  all  the  rules  and  regulations  governing  scholarships  awarded  under 
the  jurisdiction  of  the  Faculty  of  Applied  Science.  The  next  scheduled 
competition  will  be  in  1915. 

Class  of  '85  Scholarship 

The  class  of  '85  scholarship  is  open  to  duly  registered  students  in 
the  Schools  of  Mines,  Engineering  and  Chemistry,  and  the  holder  is 
entitled  to  receive  the  net  annual  income  of  the  class  of  '85  School 
of  Mines  Scholarship  Fund  of  $8,200.  The  holder  is  subject  to  all 
the  rules  and  regulations  governing  scholarships  awarded  under  the 
jurisdiction  of  the  Faculty  of  Applied  Science. 

Industrial  Research  Fellowship 

An  Industrial  Research  Fellowship  was  established  for  the  year 
1912-13  by  the  American  Brake  Shoe  and  Foundry  Company  of  New 
York,  for  the  investigation  and  study  of  materials  to  improve  the 
tractive  force  and  wearing  qualities  of  brake  shoes  as  used  in  railroad 
service.  The  work  is  to  be  carried  out  in  the  chemical  laboratories  of 
the  University  and  in  one  of  the  plants  of  the  American  Brake  Shoe 
and  Foundry  Company  in  Mahwah,  New  Jersey. 

The  fellowship  has  a  value  of  $2,000,  $1,500  of  which  is  for  stipend 
and  $500  for  the  expense  of  materials  and  apparatus  in  connection 
with   the  investigation. 

MEDALS  AND  PRIZES 
Prize  of  the         A  prize  of  $50  is  awarded  annually  by  the  New  Jer- 
New  Jersey    sey  Alumni  Association  to  the  New  Jersey  student  who 
Alumni  ^  passes   the  best    entrance   examinations   to   the   Schools, 

Association     with  the  proviso  that  before  the  award  the  student  shall 

complete  satisfactorily  one  half-year  of  academic  work. 
Barn     d  A  gold  medal   valued  at  $200,  endowed  by  President 

Medal  Barnard,  is  awarded  quinquennially   (next  award,  1915) 

on  the  recommendation  of  the  National  Academy  of 
Science  to  the  person  who  within  the  five  years  next  preceding  shall 
have  made  such  discovery  in  physical  or  astronomical  science,  or  such 
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novel  application  of  science  to  purposes  beneficial  to  the  human  race 
as  shall  be  esteemed  most  worthy  of  such  honor.  For  details  and  for 
a  list  of  previous  awards  see  the  Annual  Catalogue  of  the  University. 

A   bequest   of  $2,000   by   William   C.    Illig,    E.M.,   '82, 
provides  for  the  annual  award  of  medals  to  the  student     Illig  Medals 
or  students  in  the  graduating  class  of  these  Schools  who  shall,  in  the 
judgment  of  the  Faculty,  have  merited  the  same  by  commendable  pro- 
ficiency in  their  regular  studies. 

A  prize  in  Mechanical  Engineering,  the  income  of 
$1,000,  bequeathed  by  Edward  A.  Darling,  formerly  Darlin£ Prize 
Superintendent  of  Buildings  and  Grounds,  is  awarded  annually  to  the 
most  faithful  and  deserving  student  of  the  graduating  class  in  mechani- 
cal engineering,  the  recipient  to  be  chosen  by  members  of  the  gradu- 
ating class  in  that  Course  from  among  three  names  to  be  chosen  by 
the  Faculty. 

OPPORTUNITIES   FOR   ADVANCED   INSTRUCTION   AND 

RESEARCH 

Special  attention  is  called  to  the  opportunities  offered  through  the 
Faculty  of  Pure  Science  for  advanced  instruction  and  research  in 
Mining  Engineering,  Metallurgy,  Civil  Engineering,  Electrical  Engi- 
neering, Mechanical  Engineering,  Chemical  Engineering,  Chemistry, 
and  Highway  Engineering,  leading  to  the  degrees  of  A.M.  and  Ph.D., 
in  accordance  with  the  following  provision:  Students  holding  the 
required  first  degree  who  are  primarily  registered  in  a  professional 
school  of  Columbia  University,  or  in  an  allied  professional  school,  may, 
with  the  consent  of  the  faculty  of  such  school,  be  registered  as  candi- 
dates for  the  higher  degrees  in  the  Faculty  of  Political  Science,  the 
Faculty  of  Philosophy,  or  the  Faculty  of  Pure  Science.  In  such  a  case 
the  candidate  must  take  his  major  subject  under  one  of  these  Faculties, 
and  must  conform  to  all  its  rules  as  regards  examinations,  essay,  and 
dissertation;  but  he  may  offer  as  the  equivalent  of  four  full  courses  for 
the  degree  of  Master  of  Arts  and  of  the  two  minor  subjects  for  the 
degree  of  Doctor  of  Philosophy  such  of  his  professional  courses  as  may 
be  approved  for  that  purpose  by  the  Dean  of  the  Graduate  Faculties. 
A  statement  of  the  general  regulations  governing  graduate  work  is 
printed  in  the  Announcement  of  the  Faculties  of  Political  Science, 
Pliilosophy,  and  Pure  Science,  which  may  be  had  upon  application  to 
the  Secretary  of  the  University. 

An  outline  of  the  courses  in  the  Schools  of  Mines,  Engineering  and 
Chemistry  which  may  be  offered  toward  the  higher  degrees  will  be 
found  in  this  Announcement  on  pp.  81,  87,  104,  108,  et  seq. 

A  separately  printed  pamphlet  descriptive  of  the  work  in  Highway 
Engineering  may  be  had  upon  application  to  the  Secretary  of  the 
University. 
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UNIFORM   CURRICULUM  FOR  THE  FIRST  YEAR 

The  curriculum  for  the  first  year  of  the  four-year  courses  leading 
to  the  degrees  of  Engineer  of  Mines,  Metallurgical,  Civil,  Electrical 
Mechanical  and  Chemical  Engineer  and  Chemist  is  the  same  in  everv 
respect  and  the  student  entering  the  first-year  class  need  not  declare 
which  course  he  will  follow  until  the  beginning  of  the  second  year 
when  he  will  have  the  advantage  of  the  experience  gained  during  the 
naturdbent  '  *   UnCertainty  exists   resPecting  inclination   or 

>  As  will  be  seen  in  the  tabular  statement  given  below,  this  first  year 
is  mainly  devoted  to  a  thorough  grounding  in  Mathematics,  Physics 
and  Chemistry  the  three  fundamental  subjects  which  form  the  indis- 
pensable basis  for  all  broad  and  successful  engineering  work  not  onlv 
in  the  remaining  years  of  the  course,  but  throughout  the  entire  pro- 
fessional career.  Specialization  begins  to  some  extent  in  the  second 
year  and  becomes  more  marked  in  the  third  and  fourth  years 

I  he  class  is  arranged  in  two  divisions,  Division  B  completing  En- 
gineering Drafting  and  Descriptive  Geometry  in  the  first  term  while 
Division  A  is  completing  General  Chemistry  and  Qualitative  Anal- 
ysis, the  two  divisions  reversing  the  operation  in  the  second  term 
Ihis  plan  secures  greater  concentration  of  work;  it  facilitates  the  trans- 
fer of  students  to  advanced  standing  from  other  institutions;  and  it 
enables  well-prepared  students  entering  in  February  and  taking  ad- 
vantage of  the  University  Summer  Session  to  catch  up  with  their  class 
by  the  following  autumn. 

To  secure  the  most  effective  individual  instruction  the  class  is  also 
divided  for  quizzes  and  recitations  into  six,  eight,  and  in  some  cases 
twelve  sections. 


See  Tage 


89 

no 
109 


Drafting  1 
Drafting  3 
Mathematics  1 
Mathematics  3 
Mechanics,  1 
Phys.  Educ.  A 
Physics  3 


Civil  Eng.  2 
Chemistry  4,  62 
Mathematics  64 
Phys.  Educ.  A 
Physics  4 


First  Half  Year 


Hours  per  week 


Engineering  Drafting 
Descriptive  Geometry 
Algebra 

Analytical  Geometry 
Elementary  Mechanics 
Gymnasium 

Mechanics,  Wave-Motion  and  Heat 
Total, 


Second  Half  Year 


Theory  of  Surveying 

General  Chemistry  and  Qual.  Analysis 

Calculus 

Gymnasium 

Heat  and  Light 

Total.. 


Class 


17 


Lab'y 


17 


Summer  Work  :  Civil  Eng.  x5s.     Five  weeks  of  surveying  practice. 

takin,cotlrcVe^;rveS%-Tc?nhthmiSctry  "  °t^^  En^"nng  have  the  option  of 
m  emi^try  b  3^-4C  in  the  Summer  Session  instead  of  Civil  Engr.  15S. 
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MINING    ENGINEERING 

General  Statement 

The  instruction  in  the  School  of  Mines  during  the  first  and  second 
years  includes  fundamental  training  in  mathematics,  physics,  mechanics, 
chemistry,  mineralogy,  and  geology,  as  outlined  in  the  program  of 
studies  on  pp.  27  and  34.  Laboratory  instruction  in  chemistry,  assaying, 
drafting,    mineralogy    and    geology   extends    through   three   years. 

The  engineering,  mining,  and  metallurgical  laboratories  are  equipped 
to  train  the  student  in  the  making  of  scientific  tests  of  engineering 
materials,  and  working  tests  of  machines  and  processes  of  ore  treat- 
ment, thus  preparing  him,  as  far  as  it  is  possible  in  the  school,  for 
work  that  he  will  be  called  upon  to  do  as  an  engineer. 

Practical  instruction  in  summer  classes  in  the  field  is  made  an  im- 
portant feature  of  the  curriculum.  Details  of  the  summer  courses  in 
mining,  metallurgy,  field  geology  and  surveying  will  be  found  on 
pages  31,  32  and  33. 

While  much  time  is  given  to  practical  training  in  the  laboratories, 
in  the  field,  and  at  the  mines  and  metallurgical  establishments,  care  is 
taken  to  subordinate  this  instruction  to  a  high  standard  of  accomplish- 
ment in  classroom  work. 

Advanced  students  and  graduates  can  choose  their  subjects  and  plan 
of  work  much  more  freely  than  undergraduates.  Suggestions  as  to 
graduate  work  will  be  found  on  page   112. 

Location — Many  coal,  iron,  and  other  mines,  together  with  quarries 
and  metallurgical  works,  are  easily  accessible  from  New  York  in  from 
one  to  four  hours  by  rail.  Among  these  are  magnetite  iron  mines  in  New 
York,  New  Jersey,  and  Pennsylvania ;  stone  quarries  in  the  same 
States,  and  in  Connecticut;  anthracite  and  bituminous  coal  mines, 
and  natural  gas  and  oil  wells  in  Pennsylvania,  and  zinc  mines  in  New 
Jersey.  New  York  and  the  adjacent  States  produce  each  year  about 
half  the  pig-iron  and  coal,  and  over  fifty  per  cent,  of  the  total  value 
of  the  mineral  product  of  the  whole  country.  There  are  within  easy 
reach  of  New  York  City  iron  blast  furnaces  and  some  of  the  most 
skilfully  designed  and  managed  steel  works,  rolling  mills,  steel  and 
iron  foundries,  copper  smelting  and  refining  works,  lead-refining  works, 
zinc  works,  and  electrolytic  establishments  in  the  world.  New  York 
City,  moreover,  is  the  headquarters  of  many  corporations  operating 
mines  and  metallurgical  works  in  this  and  other  countries.  Within  a 
radius  of  one  hundred  miles  may  be  studied  many  phases  of  the  best 
practice  in  mining  and  metallurgy  in  the  country.  By  going  a  little 
farther  one  may  reach  the  bituminous  coal  fields  and  the  natural  gas, 
oil  and  salt  regions  in  one  direction,  and  the  pyrite  deposits,  and  granite 
and  marble  quarries  of  New  York  and  New  England  in  the  other; 
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while  the  excursions  of  the  summer  class  in  mining  extend  as  far  as  the 
copper,  iron,  zinc,  lead,  silver,  and  gold  regions  of  Michigan,  Missouri, 
Montana,  Colorado,  California,  Arizona  and  Utah  (see  page  32). 

Building— The  six-story  School  of  Mines  building  is  145  feet  long 
by  57  feet  in  width.  The  basement  and  sub-basement  contain  the 
ore-dressing  laboratories.  On  the  main  floor  are  the  mining  and 
metallurgical  museums  and  lecture  rooms.  On  the  second  floor  are  the 
offices  of  the  department  of  mining,  the  mining  and  metallurgical  de- 
partment libraries,  a  drafting-room  for  the  design  work  of  the  fourth 
year,  and  one  of  the  metallurgical  laboratories.  On  the  third  floor 
are  the  offices  of  the  department  of  metallurgy,  the  furnace  rooms,  the 
chemical  laboratory,  metallographic  laboratory,  and  the  research  labora- 
tories of  the  same  department.  On  the  fourth  floor  are  the  assay 
laboratories. 

Equipment 
Lecture  Illustrations— The  lectures  on  mining  are  illustrated  by 
sets  of  books  aggregating  over  300  volumes,  and  containing  120,000 
selected  blue  prints,  each  student  having  the  use  of  books  of  prints' for 
home  study  and  for  reference  during  the  lectures.  These  illustrations 
are  supplemented  by  an  extensive  set  of  enlarged  bromide  prints  and 
other  wall  diagrams. 

Mining  Library— The  University  library  contains  complete  sets  of 
the  transactions  of  all  mining,  metallurgical,  and  engineering  societies, 
and  of  the  more  important  periodical  publications  on  these  subjects.' 
There  is  also  a  large  collection  of  books  on  mining,  and  all  new  pub- 
lications of  value  are  added  as  they  appear.  In  addition,  a  carefully 
selected  departmental  library  is  maintained,  which  is  accessible  to  stu- 
dents at  all  times. 

Mining  Museum— The  subject  of  mining  is  illustrated  by  collections, 
as  follows:  Maps  of  coal  and  metal  mines  of  this  and  other  countries! 
Working  drawings,  diagrams,  and  photographs  of  mine  plant,  and  of 
mining  and  dressing  machinery.  Models  of  mines  and  parts  of  mines, 
and  of  mine  plant.  Mining  tools:  picks,  shovels,  hammers,  drills, 
blasting  apparatus,  lamps,  safety-lamps,  anemometers;  and  machine 
drills.  Ores  and  dressing  products  from  typical  works  in  this  and 
other  countries.  Surveying  instruments:  geological  compasses  and 
clinometers,  attraction  compasses,  dipping  needles,  hanging  compasses 
and  arcs,  transits,  lamp  signals,  rods,  and  apparatus  for  plumbing  and 
measuring  shafts. 

Among  the  more  notable  exhibits  is  a  large  relief  model  of  one  of  the 
mines  of  the  Cleveland-Cliffs  Iron  Mining  Co.  of  Michigan,  a  similar 
model  of  a  typical  gold  mine  in  Colorado,  and  a  set  of  three  glass 
models  and  two  relief  models  of  the  Copper  Queen  mine  in  Arizona,  a 
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model  of  the  mine  workings  in  the  Mahanoy  and  Shenandoah  anthra- 
cite coal  basins  Pennsylvania,  a  glass  model  of  the  mine  workings  on 
the  Calumet  Conglomerate  of  Houghton  County,  Michigan,  a  model 
of  a  standard  oil-well  drilling  rig,  and  a  model  of  the  St.  Joseph  Lead 
Co.'s  dressing  works  at  Bonne  Terre,  Missouri.  There  is  also  a  col- 
lection of  working  drawings  of  mine  plant,  and  a  large  collection  of 
underground  photographs,  taken  by  magnesium  light. 

Mining  Laboratories— These  laboratories,  occupying  seven  rooms, 
include  the  following: 

The  Laboratory  for  Mechanical  Assays  contains  appliances  for 
quantitative  work  in  hand  picking,  jigging  and  vanning  small  samples 
of  ore,  and  for  panning  gold-bearing  gravel.  For  small  scale  working 
tests  there  are  a  number  of  specially  designed  laboratory  classifiers, 
jigs,  sand  and  slime  tables. 

The  Crushing  and  Sampling  Laboratory  contains  machinery  for 
crushing  and  sampling  large  and  small  lots  of  ore,  including  gyratory 
and  jaw  crushers,  rolls,  a  sample  grinder,  ball  and  pebble  mills  for  fine 
crushing,  gyratory  screens,  automatic  samplers,  and  laboratory  crushers, 
together  with  sieves,  riffle  samplers,  etc. 

The  Laboratory  for  Working  Tests  contains  an  air  jig,  a  buddle, 
a  keeve,  magnetic  and  electrostatic  separators,  and  other  similar  ap- 
paratus for  working  a  ton  or  more  of  ore  at  a  time. 

The  Laboratory  of  Ore-Dressing  Machinery  contains  full-sized  ma- 
chines of  standard  types.  The  apparatus  now  installed  includes  two 
Harz  jigs  of  two  and  three  compartments;  a  Hooper  vanning  jig,  a 
Richards'  pulsator  jig  and  two  pulsator  classifiers,  two  conoidal  round 
tables,  concave  and  convex;  a  Johnston  vanner,  a  Wilfley  table,  a 
Deister  slimer,  and  a  Stein-Bilharz  belt  table.  On  the  floor  below  are 
full-sized  classifiers,  dewatering  cones,  automatic  feeders,  and  centrif- 
ugal pumps  for  supplying  these  machines  with  water  and  ore  for  con- 
tinuous work. 


Mining  Laboratory  Instruction 

The  work  required  is  designed  (1)  to  illustrate  the  physical  laws 
and  practical  conditions  affecting  the  mechanical  concentration,  separa- 
tion, and  purification  of  minerals;  (2)  to  instruct  the  students  in  the 
details  of  quantitative  working  tests  on  both  small  and  large  scale; 
(3)  to  train  them  in  the  adjustment  and  operation  of  the  standard 
types  of  concentrating  machines,  and  in  testing  the  efficiency  of  such 
machinery  in  actual  operation,  and  (4)  to  give  opportunity  for  original 
research. 
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The  work  includes  the  reduction  of  a  ton  or  more  of  ore  to 
laboratory  samples,  and  tests  on  portions  of  this  ore  by  handpicking, 
hand  jigging,  and  mechanical  treatment  on  laboratory  jigs,  classi- 
fiers, and  slime  tables,  to  determine  the  proper  method  of  mill  treatment. 
These  tests  are  controlled  by  crushing  and  vanning  samples  of  the 
products,  and  reports  of  the  results  obtained  are  made  in  a  systematic 
manner. 

The  large  concentrators  are  arranged  to  be  run  continuously,  for  as 
many  hours  as  may  be  necessary,  using  the  same  ore  and  the  same 
water  again  and  again.  This  is  accomplished  by  running  the  products 
of  the  several  machines  through  dewatering  cones,  from  which  the 
mixed  material  is  transferred  to  the  hoppers  of  automatic  feeders.  Vari- 
able speed  pulleys  permit  any  desired  adjustment  of  the  driving  mechan- 
isms. The  water  supply  is  drawn  from  a  constant  level  tank  fed  by 
a  centrifugal  pump,  and  is  regulated  by  dial  cocks.  Other  adjustments 
are  equally  under  control  and  can  be  varied  at  will. 

With  each  of  these  machines  the  student  makes  a  series  of  experi- 
ments. These  include  the  adjustment  and  regulation  of  the  ore  supply, 
of  the  feed  and  wash  water,  of  speed,  stroke,  and  other  working  con- 
ditions, to  the  treatment  of  different  ores  and  different  grades  of  sand 
and  pulp.  In  this  work  the  student  is  taught  to  recognize  the  symptoms 
of  irregular  working,  to  diagnose  the  trouble  with  the  aid  of  laboratory 
tests,  and  to  apply  the  proper  remedy.  Incidentally  he  makes 
tests  of  capacity  and  efficiency,  taking  frequent  samples  of  the  ore 
feed,  and  of  the  different  products  for  quantitative  examination,  and 
weighs  and  measures  the  ore  and  water  supply  and  products  obtained. 

Experiments  of  this  kind  for  purposes  of  instruction  cannot  well  be 
made  at  concentration  works  in  the  field.  There  the  machines  must 
work  regularly  and  without  interruption,  and  any  interference  with 
the  ore  feed,  water  supply,  or  other  adjustments  may  occasion  loss  of 
valuable  mineral. 

Research  Work — The  laboratories  have  facilities  for  original  in- 
vestigation in  the  physical  laws  controlling  the  mechanical  treatment 
of  minerals. 

Original  researches  have  recently  been  undertaken  by  graduate  stu- 
dents in  investigation  of  magnetic  fields  with  reference  to  ore-con- 
centration; the  effect  of  variations  in  the  speed  of  crushing  machinery 
on  the  production  of  undersized  material;  the  amalgamation  of  gold 
ores;  an  investigation  of  the  laws  of  jigging. 

Summer   Courses 

Summer  Courses  in  Surveying — About  five  weeks'  work  in  survey- 
ing is  required  of  each  class  between  the  first  and  second  years,  and 
eight  weeks  between  the  second  and  third.     See  pages  44  to  47. 
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Summer  Course  in  Mine  Surveying — Following  the  13  weeks  of 
prescribed  field  work  in  surveying,  one  week  is  spent  in  underground 
surveying  at  a  mine.  In  1909  and  again  in  1910  this  work  was  done 
at  the  Orchard  Mine,  Wharton,  N.  J.;  in  191 1  and  1912,  at  workings 
of  No.  3  shaft,  of  Lehigh  Valley  Coal  Co.,  Hazleton,  Pa. 

Summer  Course  in  Practical  Mining — Six  weeks  are  spent  in  de- 
tailed study  of  the  plant  and  methods  of  working  at  some  mine  or 
mines  and  in  visits  to  other  mines  and  mining  regions.  The  course 
includes  shaft-sinking,  drifting,  stoping,  timbering,  underground  haul- 
age, hoisting,  mine  drainage,  ventilation,  surface  plant,  mine  buildings, 
repair  shops,  etc.,  organization  and  administration.  Arrangements  are 
made  at  selected  mines,  by  which  the  students,  singly  or  in  small 
squads,  may  do  the  work  described  above  according  to  a  definite  plan 
and  under  the  general  direction  of  the  department. 

These  summer  courses  have  been  in  operation  since  1877,  and  have 
proved  themselves  an  indispensable  adjunct  to  the  regular  curriculum. 
They  bear  the  same  relation  to  the  study  of  mining  as  laboratory  work 
to  the  study  of  chemistry  or  physics,  or  clinical  instruction  and  hospital 
practice  to  the  study  of  medicine. 

In  1909  the  class  of  39  students  was  distributed  in  small  squads  at 
gold,  silver,  copper,  zinc,  lead,  coal  and  iron  mines,  in  Colorado,  Utah, 
Arizona,  Idaho,  Montana,  Michigan,  Missouri,  Tennessee  and  Pennsyl- 
vania.    The  time  occupied  was  from  7  to  10  weeks- 

In  1910,  the  class,  numbering  43  men,  was  scattered  through  16  States 
and  for  the  required  work  visited  over  60  mines. 

In  191 1,  the  class  numbered  40  men,  who  studied  at  gold,  silver,  cop- 
per, lead,  zinc  and  coal  mines,  in  12  different  states. 

In  1912,  the  class  of  37  men  studied  at  gold,  copper,  iron  and  coal 
mines,  in  Colorado,  Montana,  Nevada,  Alaska,  Michigan,  Tennessee, 
New  York,  Pennsylvania  and  New  Jersey.  The  time  occupied  was 
from  6  to  11  weeks. 

Summer  Course  in  Metallurgy — Students  are  required  to  devote 
six  days  to  the  study  of  metallurgical  plants  in  the  vicinity  of  New 
York,  where  the  smelting  of  copper  and  lead  ore  and  the  refining  of 
copper  and  lead  bullion  may  be  seen,  or  the  men  may  study  metallurgical 
plants  in  the  West,  situated  near  the  mines  to  which  they  may  be 
assigned  for  their  summer  work  in  mining.  A  full  report  is  required 
of  each  student. 

Summer  Courses  in  Geology— One  week  is  devoted  to  practical  field 
geology.  The  class  is  instructed  in  methods  of  field  observation,  locat- 
ing outcrops,  measuring  dip  and  strike,  keeping  notes,  etc.,  afterward 
constructing  maps  and  geological  sections  from  the  observations  noted ; 
all  under  the  supervision  of  the  Professor  of  Geology. 
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ENGINEER  OF  MINES 

The  four-year  course  leading  to  the  degree  of  Engineer  of  Mines  is 
intended  primarily  to  train  men  to  undertake  the  development  of  min- 
eral properties,  the  design  and  construction  of  mine  plants,  and  to 
manage  mines.  It  is  necessarily  a  broad  one,  comprising  a  wide  range 
of  studies  in  pure  and  applied  science,  and  for  this  reason  is  frequently 
taken  by  students  desiring  a  general  scientific  training. 

The  subjects  most  emphasized  in  this  course  are  mining,  metallurgy, 
geology,  and  engineering.  Metallurgy  requires  knowledge  of  inorganic 
and  applied  chemistry,  qualitative  and  quantitative  analysis,  and  assay- 
ing. Geology  must  carry  with  it  preliminary  training  in  crystallography, 
mineralogy,  and  petrography. 

Engineering  in  all  its  branches  needs  a  fundamental  knowledge  of 
mathematics,  physics,  mechanics,  and  thermodynamics.  The  proper 
design  and  construction  of  mining  plants  involves  the  study  of  certain 
branches  of  civil  engineering,  and  the  many  and  increasing  applications 
of  machinery  to  mining  make  it  necessary  to  give  much  time  to  the 
theory  and  practice  of  mechanical  and  electrical  engineering. 


FIRST   YEAR 
See  page  28 

SECOND    YEAR 

First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

76 
82 
87 

QO 
X09 

no 

Civil  Eng.  23 
Drafting  7 
Geology  5 
Mathematics  65 
Mineralogy  1 
Phys.  Educ.  B 
Physics  5 

Theory  of  Railroad  Surveying 

Structural  Drafting 

General  Geology 

Calculus 

Mineralogy 

Gymnasium 

Electricity 

Total.. 

a 

3 
5 
3 

5 

3 
3 

6 
2 

18 

M 

Second  Half  Year 

73 

75 

83 

87 

no 

105 

iog 

Chemistry  66 
Chemistry  82 
Elect.  Eng.  2 
Geology  6 
Mechanics  102 
Mineralogy  2 
Phys.  Educ.  B 

Quantitative  Analysis 
Industrial  Chemistry 
Elements  of  the  Dynamo 
General  Geology 
Analytical  Mechanics 
Mineralogy 
Gymnasium 

Total.. 

3 
3 
2 
3 
5 
3 

12 

3 
2 

19 

17 

SUMM 

er  Work  :  Civil  ] 

Ing.  27s  and  28s,  Practical  Surveying  ( 

sight  w 

eeks). 
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THIRD    YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

77 

Civil  Eng.  53 

Resistance  of  Materials 

5 

3 

77 

Civil  Eng    53 

Resistance  of  Materials  (Testing  Lab.) 

3 

88 

Geology  105 
Mech.  Eng.  13 

Economic  Geology 

3 

go 

Steam  Power  Machinery 

3 

104 

Metallurgy  81 

Assaying 

2 

9 

xo6 

Mining  51 

Excavation  and  Tunneling 

Total.. 

3 

16 

*5 

Second  Half  Year 

77 

Civil  Eng.  54 

Resistance  of  Materials — problem  work 

3 

79 

Civil  Eng.  64 

Graphic  Statics 

z 

3 

83 

Elect.  Eng.  4 

Electric  Distribution 

2 

83 

Elect.  Eng.  72 

Direct  Current  Laboratory 

I 

3 

87 

Geology  4 

Petrography  (6hrs.  for  2  months) 

3 

88 

Geology  106 

Economic  Geology 

3 

90 

Mech.  Eng.  14 

Steam  Power  Machinery 

3 

97 

Mech.  Eng.  80 

Experimental  Mechanical  Laboratory 

1 

3 

105 

Mineralogy  6 

Optical  Mineralogy  (6  hrs.  for  a  mos.) 

3 

106 

Mining  52 

Boring  &  Shaft  Sinking 

2 

106 

Mining  54 

Methods  of  Mining 

Total.. 

3 

16 

18 

Sur 

imer  Work  :  Fiek 

.  work,  Mining,  Metallurgy,  and  Geology 

(9  weeks). 

FOURTH  YEAR 

First  Half  Year 

84 

Elect.  Eng.  75 

Alternating  Current  Laboratory 

1 

3 

88 

Geology  101 

Applied  Petrography  (elective) 

90 

Mech.  Eng.  17 

Engineering  Thermodynamics 

2 

100 

Metallurgy  101, 

Introduction  to  Metallurgy  and  Metal- 

in 

lurgy  of  Copper 

3 

101 

Metallurgy  131, 

Electro-Metallurgy  and  Iron  and  Steel 

2 

107 

141 

Mining  71 

Mine  Plant 

3 

107 

Mining  73 

Mine  Constructions 

X 

107 

Mining  75 

Design  of  Mine  Plant 

12 

108 

Mining  81 

Ore  Dressing 

4 

108 

Mining  91 

Mine  Administration  and  Accounts 

Total.. 

2 

18 

15 

Second  Half  Year 

79 

Civil  Eng.  76 

Hydraulics 

2 

87 

Geology  16 

Paleontology  (elective) 

88 

Geology  102 

Petrography  of  the  Ores  (elective) 

88 

Geology  no 

Geological  Surveys 

2 

97 

Mech.  Eng.  74 

Gas  Power  Machinery 

2 

xo3 

Metallurgy  72 

Metallurgical  Laboratory  (10  afts) 

2 

101 

Metallurgy  122 

Metallurgy  of  Gold,  Silver,  etc. 

3 

106 

Mining  56 

Mine  Engineering 

3 

107 

Mining  72 

Mine  Plant 

3 

107 

Mining  78 

Thesis 

12 

X)8 

Mining  80 

Mill  Constructions 

1 

io8 

Mining  82 

Ore  Dressing  (Lab.)— (afts.  of  3  weeks) 

3 

xo8 

Mining  94 

Mining  Law 

Total.  . 

2 

18 

*7 
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METALLURGICAL    ENGINEERING 

General    Statement 

The  primary  aim  of  the  four-year  course  leading  to  the  degree  of 
Metallurgical  Engineer  is  to  train  students  to  take  administrative  or 
laboratory  positions   in  metallurgical  works. 

The  undergraduate  instruction  consists  of  (i)  class-room  work,  lec- 
tures, conferences,  study  of  text-books;  (2)  general  laboratory  work 
in  metallurgy;  (3)  training  in  planning  and  executing  original  re- 
search; (4)  summer  courses  and  other  visits  to  industrial  metallurgical 
works. 

Much  importance  is  attached  to  a  thorough  training  in  the  funda- 
mental subjects,  mathematics,  chemistry,  physics,  geology,  mineralogy, 
and  engineering,  and  to  the  higher  branches  of  engineering,  chemistry 
and  important  courses  in  mining  engineering,  with  a  view  to  their  ap- 
plications to  metallurgical  practice. 

Great  stress  is  laid  on  the  original  planning  and  executing  of  work, 
which  is  done  under  the  direction  and  criticism  of  the  instructors. 

The  instruction  in  metallurgy  is  based  on  the  most  advanced  practice 
in  the  science  from  the  introductory  courses  in  metallurgy  to  the 
advanced  special  courses  in  the  various  branches  of  the  subject. 

To  graduate  and  other  advanced  students  and  properly  qualified  prac- 
titioners, the  department's  laboratories  are  open  under  generous  restric- 
tions. 

Location    and    Equipment 

Location— For  the  advantages  of  New  York  and  the  adjacent  states 
see  page  28. 

Metallurgical  Establishments  Accessible— Some  of  the  most 
important  and  advanced  iron,  steel,  copper,  lead,  zinc,  and  electrolytic 
works  in  the  world  are  accessible  to  students  for  the  study  of  the  best 
metallurgical  practice.  See  also  page  98.  The  summer  classes  visit 
in  different  years  metallurgical  establishments  in  all  parts  of  the  country, 
including  the  extreme  West  and  South. 

Building — The  department  occupies  about  half  the  School  of  Mines 
Building.     See   page  29. 
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Collections — There  are  large  and  growing  collections  of  lecture  dia- 
grams; of  models  and  working  drawings  of  metallurgical  furnaces  and 
machinery;  of  apparatus  for  lecture  demonstration  and  illustration  of 
metallurgical  principles  and  processes;  and  a  very  large  collection  of 
metallurgical  specimens  and  suites,  with  descriptive  and  explanatory 
notes.  The  metal-working  shop  has  power-driven  machines  for  cutting 
specimens,  etc.  Most  of  the  furnaces  are  gas-fired,  and  those  furnaces 
which  are  intended  for  precise  work  are  heated  by  electricity. 

Metallurgical  Laboratories — Of  these  there  are  four.  They  serve 
four  chief  purposes:  (i)  to  give  skill  in  the  use  of  the  instruments  of 
precision  of  the  art;  (2)  to  teach  the  underlying  principles  of  metal- 
lurgy and  give  familiarity  with  the  conditions,  especially  as  to  high 
temperature,  under  which  metallurgical  operations  must  be  carried  on, 
and  the  use  of  the  principal  types  of  furnaces  and  other  metallurgical 
apparatus,  or  in  short  "Analytical  metallurgy"  ;  (3)  to  give  some  ac- 
quaintance with  certain  industrial  metallurgical  processes,  or  what  may 
be  called  "Applied  metallurgy";  and  (4)  to  give  advanced  students  and 
qualified  practitioners  the  means  of  making  metallurgical  and  metal- 
lographic  researches. 

Instruments  of  Precision — The  students  acquire  skill  with  the 
thermo-electric  pyrometer,  some  industrial  and  some  autographic,  with 
the  Wanner  optical  and  the  Fery  radiation  pyrometer,  besides  which 
they  have  the  opportunity  of  using  the  Mesure  and  Noel  (Ducretet) 
and  the  Le  Chatelier  optical  and  the  Calorimetric  one  of  Siemens. 
There  are  ammeters  and  voltmeters  for  controlling  the  electric  furnaces ; 
sclerometers  for  measuring  hardness  of  metals  and  alloys ;  Fremont 
and  Brinell  impact  testing  machines;  a  tensile  testing  machine;  a 
Berthelot  calorimeter  for  testing  fuels;  and  many  other  instruments. 

Non-Ferrous  and  Electro-Metallurgical  Laboratory — A.  For  wet 
and  dry  metallurgy,  the  extraction,  refining,  and  alloying  of  the  non- 
ferrous  metals,  there  are  ore-roasting  furnaces ;  gas-fired  crucible  fur- 
naces;  assay  muffle  furnaces;  a  high  temperature  forge;  cyanide  plants; 
a  filter  press ;  amalgamating  pans ;  a  chlorinating  barrel ;  ball  mills ;  two 
desilverization  kettles ;  and  pyrometers.  B.  For  electro-metallurgy,  the 
electrical  recovery,  deposition,  refining,  and  alloying  of  metals,  there  are 
storage  batteries;  a  25  K.W.  motor-generator  set  for  supplying  direct 
current  at  high  amperage  and  a  range  up  to  15  volts ;  electrolytic  refin- 
ing vats;  small  electric  furnaces  of  the  Moissan  arc,  Borchers  arc  and 
resistance  types;  a  75  K.W.  single  phase  alternating  current  generator 
and  transformers  for  supplying  current  to  large  experimental  melting, 
smelting,  and  refining  furnaces  of  the  resistance  and  arc  types. 


38  MINES,  ENGINEERING  AND  CHEMISTRY 

Iron  and  Steel  Laboratory  is  equipped  with  electric  and  double 
muffle  gas  furnaces  especially  designed  for  this  laboratory,  in  which 
a  number  of  full-sized  tensile  test  bars  may  be  heated  simultaneously  to 
any  temperature  up  to  13000  C,  with  uniformity  and  precision ;  gas  and 
direct-fired  crucible  furnaces;  gas  forges;  special  furnaces;  and 
small  power-driven  rolls  for  studying  the  influence  of  the  conditions  of 
rolling  on  the  properties  of  metals. 

The  Met  allograph  ic  Laboratories,  for  the  miscroscopic  and  pyro- 
metric  study  of  metals,  mattes,  speiss,  slags,  ores,  etc.,  have  micro- 
scopes of  the  Leitz,  Le  Chatelier,  Swift,  Beck,  and  other  types;  equip- 
ment for  illumination  and  photography;  electric  resistance  furnaces  of 
different  types;  portable  gas  furnaces;  and  pyrometers. 

The  Assay  Laboratory  has  for  its  main  equipment  "thirty-six  gas- 
fired  muffle  furnaces,  with  a  corresponding  number  of  desks,  which  are 
arranged  in  rows  with  a  furnace  facing  each  desk.  There  are,  also,  a 
sufficient  number  of  coke  pot,  coal  muffle  and  gasoline  furnaces  for  the 
student  to  become  familiar  with  these  types.  The  usual  balance,  grind- 
ing, and  cupel  rooms  are  provided. 

Supplies— There  is  a  large  stock  of  ores,  irons,  steels,  alloys,  refrac- 
tory materials,  fluxes,  etc.,  which  may  be  used  for  investigations. 

The  Metallurgical  Library  containing  about  fifteen  hundred  vol- 
umes of  metallurgical  treatises,  text-books,  periodicals,  etc.,  is  open  to 
all  students,  and  to  others  properly  introduced.  Books  may  be  bor- 
rowed under  suitable  restriction. 


Metallurgical  Laboratory  Instruction 

In  order  to  become  familiar  with  a  wide  range  of  the  conditions 
and  principles  of  metallurgy,  the  student  conducts  experiments,  each 
illustrating,  testing,  or  aiming  to  discover  some  one  or  more  metal- 
lurgical principles  or  reactions,  or  the  conditions  which  permit  a  given 
reaction  to  occur.  He  must,  in  general,  after  each  experiment  enun- 
ciate briefly  in  writing,  the  law  to  which  his  results  point,  or  indicate 
how  far  those  results  severally  and  collectively  support  or  oppose  a 
given  proposition. 

These  experiments  relate  chiefly  to  such  subjects  as  the  influence  of 
thermal  treatment  on  the  properties  and  microstructure  of  metals  and 
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alloys;  the  determination  of  melting  points  and  other  tempera- 
tures; the  relation  between  the  composition  of  mattes  and  slags  and 
their  fusibility;  the  influence  of  fluxes;  the  behavior  of  refractory  ma- 
terials at  high  temperatures,  either  alone  or  in  contact  with  different 
slags;  the  temperature  limits  and  the  reactions  of  roasting  operations; 
the  influence  of  various  bodies  on  the  reactions  which  take  place  in 
roasting,  in  the  cyanide  process,  in  the  chlorination  process,  and  in  pan 
amalgamation ;  the  interaction  of  carbon  and  molten  oxides,  sulphides, 
silicates,  etc.,  etc. 

Summer  Courses 

Summer  Courses  in  Metallurgy — No.  62s  for  mining  engineers 
consisting  of  visits  to  non-ferrous  metallurgical  plants  for  a  period  of 
one  week. 

For  metallurgical  engineers  the  summer  course  lasts  six  weeks  and 
includes  No.  64s,  visits  to  iron  and  steel  metallurgical  plants,  and  66s, 
visits  to  plants  for  other  metals.  On  these  trips,  which  cover  the 
practice  in  both  the  east  and  the  west,  the  students  are  instructed 
in  the  actual  metallurgical  operations  as  carried  on  in  the  field.  A 
prominent  part  of  these  courses  consists  of  work  such  as  making 
written  descriptions  of  the  processes,  and  sketches  of  the  furnaces  and 
other  apparatus,  with  dimensions,  usually  from  the  student's  own  esti- 
mate; explaining  the  principles  on  which  the  processes  rest,  the  reasons 
for  the  special  shapes  and  sizes  of  the  apparatus,  the  chief  technical 
difficulties,  how  they  are  overcome,  and  by  what  tests  the  processes 
are  controlled;  giving  the  number  of  men,  and,  as  far  as  practicable, 
the  consumption  of  fuel  and  other  materials,  the  thoroughness  of  recov- 
ery of  the  metal  sought,  etc.  From  an  imaginary  set  of  prices  and 
wages  the  students  have  to  calculate  the  cost  and  profit  of  certain 
operations. 

Summer  Courses  in  Surveying — About  thirteen  weeks'  work  in  sur- 
veying is  required  of  the  class  between  the  first  and  second  years. 
See  pages  44  to  47. 

Summer  Courses  in  Geology — After  the  third  year  at  least  one  week 
is  devoted  to  practical  field  geology.     For  details  see  page  89. 

Metallurgical  Excursions — At  stated  times  excursions,  open  only 
to  students  in  Metallurgical  Engineering,  are  made  to  the  neighboring 
foundries,  machine  shops,  mines,  and  other  points  of  interest.  The 
students  attend  these  excursions  in  squads  of  such  size  that  proper  in- 
dividual instruction  can  be  given  to  each  member  of  the  squad. 
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This  course,  which  covers  four  years,  is  intended  for  those  who 
expect  to  follow  metallurgical  work  and  become  trained  metallurgists 
in  any  of  the  branches  of  the  profession.  For  the  first  two  years  much 
attention  is  paid  to  a  thorough  training  in  fundamental  subjects  espe- 
cially ,n  mathematics,  chemistry,  physics,  geology,  mineralogy,  and 
preliminary  courses  in  engineering.  In  the  third  year  instruction  in 
metallurgy  begins  both  by  lectures  and  in  the  laboratories  while 
courses  in  mechanical,  electrical  and  mining  engineering,  chemistry 
mineralogy  and  geology  are  also  provided.  The  fourth  year  is  devoted 
largely  to  advanced  lecture  courses  in  metallurgy  and  laboratory  work- 
at  the  same  time  courses  are  given  in  the  higher  branches  of  engineer- 
ing and  chemistry  and  to  important  courses  in  mining  engineering 
which  are  considered  necessary. 

In  the  summer  schools  instruction  is  given  in  general  surveying  in 
railroad  work,  geological  field  work,  and  visits  to  metallurgical  wo'rks 
are  provided.  In  the  six  weeks'  summer  courses  at  metallurgical  works 
the  students  are  required  to  study  processes,  make  dimension  sketches 
of  furnaces  and  mils,  and  by  observation  and  instruction  they  become 
acquainted  with  metallurgical  operations  as  conducted  at  the  time 


FIRST   YEAR 

See  page  28 

SECOND  YEAR 

First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

3 

3 

3 

t 

6 

76 
8a 
87 
go 
105 
109 
1 10 
no 

Civil  Eng.  23 
Drafting  7 
Geology  5 
Mathematics  65 
Mineralogy  7 
Phys.  Educ.  B. 
Physics  5 
Physics  43 

Theory  of  Railroad  Surveying 

Structural  Drafting 

General  Geology 

Calculus 

Mineralogy 

Gymnasium 

Electricity 

Physical  Laboratory 

Total . . 

2 

3 
5 

3 

5 

18 

Second  Half  Year 

73 
75 
83 
87 
no 
105 
109 

Chemistry  66 
Chemistry  82 
Elect.  Eng.  2 
Geology  6 
Mechanics  102 
Mineralogy  8 
Phys.  Educ.  B. 

Quantitative  Analysis 
Industrial  Chemistry 
Elements  of  the  Dynamo 
General  Geology 
Analytical  Mechanics 
Mineralogy 
Gymnasium 

Total.. 

3 
3 
2 
3 
5 
3 

12 

3 
2 

19 

17 

Summer  Courses 
Surveyi 

:  Surveying  Practice  5  weeks  (Civil  Eng 
ng  Practice  3  weeks  (Civil  Eng.  28S). 

27S). 
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THIRD  YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

77 

Civil  Eng.  53 

Resistance  of  Materials 

5 

6 

88 

Geology  105 

Economic  Geology 

3 

go 

Mech.  Eng.  13 

Steam  Power  Machinery 

3 

104 

Metallurgy  81 

Assaying 

2 

9 

100 

Metallurgy  101 

Introduction  to  Metallurgy 

1 

100 

Metallurgy  111 

Metallurgy  of  Copper 

Total.. 

2 

16 

15 

Second  Half  Year 

79 

Civil  Eng.  64 

Graphic  Statics 

I 

2 

79 

Civil  Eng.  78 

Hydraulics 

a 

83 

Elect.  Eng.  72 

Direct  Current  Laboratory 

1 

3 

85 

Elect.  Eng.  104 

Electric  Distribution 

2 

87 

Geology  4 

Petrography  (6  hrs.  for  2  months) 

3 

88 

Geology  106 

Economic  Geology 

3 

90 

Mech.  Eng.  14 

Steam  Power  Machinery 

3 

95 

Mech.  Eng.  60 

Hydraulic  Laboratory 

3 

101 

Metallurgy  122 

Metallurgy  of  Lead,  etc. 

3 

105 

Mineralogy  6 

Optical  Mineralogy  (6  hrs.  for  2  months) 

3 

106 

Mining  54 

Methods  of  Mining 

3 

Total.. 

18 

15 

SUM1V 

[ER  COURSES  :  Nor 

l-ferrous  Works  Visits  3  weeks  (Met.  66S 
cs  (Met.  64S).     Geology  Field  Work  1  wee 

).    Iron 

and 

Steel  V 

Vorks  Visits  3  weel 

k(Geol 

112S). 

FOURTH  YEAR 


First  Half  Year 

71 

Chemistry  121 

Physical  Chemistry 

3 

84 

Elect   Eng.  75 

Alternating  Current  Laboratory 

1 

8 

90 

Mech.  Eng.  17 

Engineering  Thermodynamics 

2 

103 

Metallurgy  77 

Metallurgical  Plant  Construction 

3 

IOI 

Metallurgy  131 

Metallurgy  of  Iron  and  Steel 

I 

102 

Metallurgy  141 

Electrometallurgy 

I 

102 

Metallurgy  151 

Constitution  of  Alloys 

2 

103 

Metallurgy  171 

Metallurgical  Laboratory 

9 

103 

Metallurgy  175 

Metallurgical  Investigation 

I 

107 

Mining  73 

Mine  Constructions 

I 

108 

Mining  81 

Ore  Dressing 

4 

108 

Mining  91 

Mine  Administration  and  Accounts 

2 

Total.. 

18 

15 

Second  Half  Year 

71 

Chemistry  122 

Physical  Chemistry 

3 

96 

Mech.  Eng.  72 

Gas  Power  Machinery 

% 

3 

97 

Mech.  Eng.  76 

Experimental  Mech.  Engineering 
Advanced  Metallurgy  of  Copper 

1 

3 

IOI 

Metallurgy  118 

1 

IOI 

Metallurgy  128 

Advanced  Metallurgy  of  Lead,  etc. 

1 

102 

Metallurgy  138 

Advanced  Metallurgy  of  Iron  and  Steel 

102 

Metallurgy  148 

Advanced  Electrometallurgy 

j 

102 

Metallurgy  158 

Advanced  Course  on  Constitution  and 
Property  of  Alloys 

1 

103 

Metallurgy  172 

Metallurgical  Laboratory 

6 

108 

Mining  80 

Mill  Construction 

z 

108 

Mining  82 

Ore  Dressing 

3 

108 

Mining  94 

Mining  Law 

Total.. 

2 

15 

14 
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CIVIL   ENGINEERING 
General    Statement 
The    four-year   course   leading  to    the    degree   of   Civil    Engineer  is 
designed  to  afford  a  thorough  analytical  training  in  construction  and 
management.     The  course  contains   numerous   and   extended  practical 
exercises    in    those    matters    which    pertain    to    the    profession    of    the 
civil    engineer    in    relation    to    all    classes    of    structures    and    public 
works   and   in   connection    with    the   various    developments   and   appli- 
cations   of    power    by    the    use    of    steam,    electric,    water,    and    air 
motors.     This  course  is  also  designed  to  be  an  educational  preparation 
for  those  duties  or  functions  of  an  executive  character  whose  discharge 
in  connection  with  the  management  of  public  or  other  works  requires, 
or  is  rendered   more  efficient  through,  a  thorough  knowledge  of  civil 
engineering.    The  breadth  and  nature  of  this  educational  training  adapts 
it  no  less  efficiently  to  the  purposes  of  those  who  intend  to  follow  call- 
ings not  of  an  engineering  character  but  which  may  be  related  more 
or  less  to  manufacturing,  to  structural  matters,  or  to  the  development 
and  application  of  power.     The  theoretical  portion  of  the  instruction 
is  based  largely  upon  the  courses  given  in  the  departments  of  Mathe- 
matics,  Mechanics,  and  Physics,  and  the  results  obtained  are  applied 
to  practical  engineering  work.    Special  stress  is  laid  upon  the  design  by 
the  student  of  the  various  structures  and  machines  which  the  civil  engi- 
neer is  called  upon  to  construct  or  operate  in  the  practice  of  his  profes- 
sion.   The  instruction  is  given  by  lectures,  demonstrations  by  the  student, 
and  frequent  conferences,  co-ordinate  with  which  the  work  of  design  is 
continuously  carried  on.    It  covers  comprehensively  the  subjects  of  sur- 
veying, road  and  railroad  engineering,  water  supplies  of  cities  and  towns, 
irrigation,  sanitary  engineering,  including  sewage  disposal,  both  graphic 
and  analytic  treatment  of  all  metallic  structures,  foundations,  retaining 
and  reservoir  walls,  high  masonry  dams,  sewer  systems,  hydraulic  en- 
gineering, rivers  and  harbors,  pumping  engines,  hydraulic,   steam  and 
electric  motors. 

Ample  facilities  are  afforded  for  post-graduate  students  in  civil  en- 
gineering, and  special  students  are  admitted  to  various  engineering 
courses  of  the  department  upon  evidence  of  proper  qualifications. 

Special  provision  is  made  for  graduate  work  in  Highway  Engineer- 
ing and  allied  subjects,  leading  to  the  degree  of  Master  of  Arts  designed 
particularly  for  men  engaged  in  the  practice  of  Highway  Engineering. 
This  work  is  given  during  the  months  from  December  to  March,  both 
inclusive,  a  period  equivalent  to  one  half  year.  Opportunity  is  afforded 
for  Highway  Engineers  to  obtain  advanced  professional  knowledge 
during  the  season  of  the  year  when  leaves  of  absence  from  work  may 
be  easily  obtained. 
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Equipment 

The  school  possesses  an  unusually  full  equipment  of  engineers'  and 
solar  transits,  levels,  plane  tables,  compasses,  and  all  accessories,  as  well 
as  smaller  instruments.  Current  meters,  hook  gauges,  and  floats  of 
various  types  are  also  used  in  making  observations  on  the  flow  in,  and 
discharge  of,  rivers  and  canals.  A  complete  set  of  sections  of  iron  and 
steel  shapes,  models  and  photographs  of  engineering  works,  together 
with  working  plans  of  the  latter,  are  in  the  department  for  the  use  of 
students.  The  hydraulic  laboratory  affords  opportunity  for  the  prac- 
tical operations  of  measuring  the  discharge  through  weirs  and  other 
orifices,  the  flow  through  open  channels  and  closed  pipes,  frictional  and 
other  resistances  in  pipes  and  open  channels,  as  well  as  for  meter  gain- 
ings, and  for  general  hydraulic  investigations.  The  testing  work  in  the 
mechanical  laboratory  includes  the  complete  tests  of  various  structural 
materials  in  tension,  compression,  bending,  and  torsion,  including  the 
observation  and  digesting  of  all  corresponding  data. 

A  cement-testing  laboratory  is  fully  equipped  with  testing  machines, 
briquette  molds,  tanks,  and  other  apparatus  requisite  for  all  classes  of 
investigations  in  the  nature  and  physical  properties  of  cements  and 
cement  mortars. 

A  complete  laboratory  for  the  testing  of  road  materials  has  been 
established  and  is  constantly  in  use  for  investigations  connected  with 
materials  suitable  for  road  building.  The  facilities  offered  by  the  labora- 
tory are  full  and  sufficient  to  make  all  tests  required  to  determine  resist- 
ance to  abrasion,  classification  of  sand,  gravel  and  broken  stone  and  the 
cementing  power  of  all  qualities  of  road  materials.  This  equipment 
also  includes  complete  facilities  with  all  modern  apparatus  used  in  the 
determination  of  the  physical  and  chemical  properties  of  bituminous 
materials.  The  laboratory  is  at  the  service  of  students  and  is  used  by 
them,  both  for  the  ordinary  prosecution  of  studies  to  which  the  deter- 
mination of  results  is  related  and  for  the  purposes  of  thesis  work,  and 
other  similar  investigations. 

The  Materials  Testing  Laboratory  is  located  at  the  north  end  of 
the  main  floor  of  the  Engineering  Building.  It  is  fully  equipped  with 
modern  appliances  for  the  conduct  of  tests  upon  all  structural  materials. 
There  are  seven  testing  machines  varying  in  capacity  from  600  lbs.  to 
400,000  lbs.,  representing  all  American  types,  including  a  150,000-lb. 
Emery  hydraulic  power  machine,  which  is  a  standard  of  accuracy,  and 
the  refinement  of  mechanical  construction.  These  machines  are  suited 
to  make  tension,  compression,  transverse  and  torsion  tests  upon  metals, 
also  to  make  all  desired  tests  upon  building  materials,  such  as  timber, 
stone,  brick,  concrete  blocks  or  concrete-steel  beams,  columns,  partition 
blocks,  and  all  built  up  materials. 

The  laboratory  is  also  liberally  supplied  with  a  large  assortment  of 
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extensometers,  deflectometers,  micrometers,  gauges,  and  similar  instru- 
ments of  precision  for  measurement  of  test  pieces. 

Other  apparatus,  such  as  delicate  scales  of  different  sizes  for  use  in 
absorption  and  freezing  tests  on  building  materials,  also  pyrometers 
and  furnaces  for  the  conduct  of  fire  tests  upon  all  kinds  of  fire-resisting 
materials  are  available. 

General    Statement   of    the    Summer    Courses    in    Surveying    and 
Geodesy  at  Camp  Columbia,  Morris,  Conn. 

The  instruction  in  Surveying  given  by  the  Department  of  Civil  Engi- 
neering consists  of  lectures,  recitations  and  problem  work,  supplemented 
by  instrumental  practice  in  field  work,  and  office  work  in  computation 
and  mapping.     The  general  lectures  and   recitations  are  given  at  the 
University.     The  field  practice  is  given  during  the  three  summer  vaca- 
tions of  the  regular  four-year  course.    The  subject  of  Geodesy  is  given 
by  the  Department  of  Astronomy,  and  the  practical  work  connected 
therewith  is  done  under  the  supervision  of  that  department  by  students 
in   Civil   Engineering  during  a  portion  of  five  weeks  of  the   summer 
vacation  between  the  third  and  fourth  years.     The  theory  of   Plane 
Surveying,  including  Railroad  Surveying,  is  given  by  the  Department 
of  Civil  Engineering.   The  field  practice  is  conducted  under  the  direction 
of  the  Department  at  Camp  Columbia,  a  point  in  the  country  near  Litch- 
field, Conn.,  where  ample  facilities  are  provided  for  all  requisite  opera- 
tions, and  where  the  topography  and  climate  are  admirably  adapted  to 
the  practical  work  of  surveying.     Five  weeks'  continuous  attendance  is 
required   of  all    students   in   the    Schools   of   Mines,   Engineering   and 
Chemistry  during  the  summer  between  the  first  and  second  years.    (See 
C   E.    15,   page   76.)      Five   weeks'    additional   attendance   is    required 
of  all   students   in    Civil    Engineering    (see   C.    E.   25,   page  76),   and 
eight   weeks   of   all    students    in    Metallurgy,    and    eight    weeks   of   all 
students    in    Mining    (see    C.    E.    27    and  *  28,    page    77),    during    the 
summer  between  the  second  and  third  years.     Nine  weeks'  continuous 
attendance  is  required  of  all  students  in  Civil  Engineering  during  the 
summer  between  the  third  and  fourth  years  (see  C.  E.  26,  Astronomy 
107  and  C.  E.  71,  pages  77,  70,  79).     During  the  summer  of  1913  the 
Summer  Courses  in   Surveying  and  Geodesy  will  be  in  session  about 
fifteen  weeks. 

No  student  taking  these  courses  will  be  excused  from  any  part  of 
any  course  on  account  of  work  done  elsewhere,  unless  that  work  has 
been  done  under  the  immediate  direction  of  an  instructor  of  an  institu- 
tion which  grants  degrees  in  Mining  or  Civil  Engineering.  In  no  case 
will  credit  be  given  except  upon  the  evidence  of  field-notes,  maps,  and 
reports  presented  to  the  Professor  in  charge  of  the  courses. 

Students  who  fail  to  receive  a  passing  mark  in  C.  E.  2  but  receive 
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a  grade  of  D  will  be  allowed  to  take  course  15,  but  must  take  the  regular 
deficiency  examination   in   C.E.  2  in   September. 

Two  examinations  will  be  held  at  Camp  Columbia  for  new  students 
and  special  students.  The  first  examination  will  be  held  June  30 
for  students  who  desire  to  enter  with  Div.  G,  and  the  second  one 
August  4,   1913,  for   students  who  desire  to  enter  with  Div.   I. 

The  University  provides  houses  or  tents  having  elevated  floors, 
furnished  with  cots  and  drafting  tables.  There  are  also  provided  a 
dining  hall  and  bath  house.  Arrangements  may  be  made  for  laundry 
work  to  be  done  in  the  neighborhood.  A  supply  of  drafting  materials 
(not  instruments)  is  kept  on  sale.  Especial  attention  is  given  to  the 
wholesome  and  substantial  character  of  the  table. 

The  cost  of  board  is  $6.75  per  week  and  is  charged  against  the  indi- 
vidual deposits.  The  account  against  each  student  is  reckoned  from 
the  day  announced  for  his  division  to  assemble.  No  allowances  or  re- 
ductions are  made  for  absences  of  less  than  one  week,  and  then  only 
in  the  event  of  notice  having  been  given  and  excuse  granted  by  the 
officer  in  charge  at  least  one  day  in  advance  of  the  beginning  of  such 
absence. 

Each  student  intending  to  take  w^ork  in  these  courses  must  notify 
the  instructor  in  charge  of  the  courses  in  writing  before  May  20,  stating 
what  course  or  courses  he  intends  to  take  and  when  he  will  report 
for  same.     Subsequent  changes  in  plans  must  be  reported  at  once. 

Every  student  must  be  present  on  the  day  appointed  for  his  division 
to  assemble,  unless  other  arrangements  have  been  made  with  the  officer 
in  charge.  Failure  to  comply  with  this  regulation  may  be  sufficient 
cause  to  refuse  the  applicant's  admission  to  the  courses. 

Deposits  for  Camp  Expenses 

Every  student  before  starting  for  Camp,  and  at  the  same  time  the 
fees  for  the  summer  session  in  surveying  are  paid,  shall  make  a  deposit 
at  the  Bursar's  office  at  Columbia  University  to  meet  Camp  expenses, 
viz.,  board,  laundry,  charges  for  drawing  material,  notebooks,  etc. ; 
also  to  cover  any  damage  to,  breakage,  or  loss  of  instruments  or  Camp 
equipment,  and  transportation  of  self  and  baggage  from  the  station 
to  and  from  the  Camp.  The  Bursar's  receipt  for  said  deposit  shall  be 
presented  to  the  professor  in  charge  of  the  summer  session  upon  the 
arrival   of  the  student  in  Camp. 

The  amounts  of  the  deposit  varies  with  the  course  or  the  number  of 
courses  taken  and  is  as  specified  below.  Students  intending  to  take  two 
or  more  courses  shall  deposit  an  amount  equal  to  the  sum  total  of  the 
deposits  herein  specified  for  the  respective  courses.  The  balance  of  the 
deposit  which  shall  remain  to  the  credit  of  the  student  after  his  with- 
drawal from  the  session  will  be  returned  to  him  during  the  following 
October  upon  his  application  to  the  Bursar  of  Columbia  University.    In 
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case  the  total  charges  exceed  the  deposit  the  student  will  be  subject  to 
an  additional  assessment. 

The  deposit  for  C.  E.  15  shall  be  $50;  for  C.  E.  25,  $50;  for  C  E 
26,  $20;  for  C.  E.  27,  $50;  for  C.  E.  28,  $35;  for  C  E.  71,  $35;  and 'for 
Geodesy  107,  $30. 

The  deposit  for  any  one  survey  of  Course  15,  25,  or  27  shall  be  $15. 

FEES 

Laboratory  fees,  payable  on  or  before  the  last  Saturday  in  May  are 
required  as  follows:  Civil  Engineering  course  No.  15,  $25,  or  $7  per 
survey;  No.  25  and  No.  27,  $15,  or  $3.50  per  survey;  No.  26,  $5 ;  No 
28  and  No.  71,  $io. 

Non-candidates,  candidates  for  admission  to,  and  students  having 
entered  with  advanced  standing,  who  may  be  required  to  attend  these 
courses,  and  students  who  fail  to  complete  them  in  the  summer  to 
which  they  are  assigned  are  charged  in  addition  tuition  fees  as  follows- 
^o.  15,  $35;  No.  25,  No.  27,  No.  28,  and  No.  71,  $25;  No.  26  $10 
Students  entering  with  credit  for  part  of  course  15,  and  students'  defi- 
cient in  separate  surveys  of  that  course,  shall  pay  a  tuition  fee  of  $10 
for  each  survey.  A  tuition  fee  of  $6  is  required  for  each  survey  of 
courses  25  or  27  taken  under  similar  conditions.  (For  additional  infor- 
mation see  page  21.) 

Schedule  of  Attendance 

In  1913  the  School  Session  opens  May  31  and  closes  September  13. 
Div.  A— May  31  to  July  5.     5  weeks— Course  25. 

Open  for  all  2d,  3d,  4th  year  students  in  Civil  Engineering  who 
have  completed  Course  15. 

Div.  B— May  31  to  July  5.     5  weeks— Course  27. 

Open  for  all  2d,  3d,  4th  year  students  in  Mining  Engineering  and 
Met.  Engineering  who  have  completed  Course  15. 
Div.  C— May  31  to  July  5.     5  weeks— Course  15. 

Open  for  all  2d,  3d  and  4th  year  students  in  the  Schools  of 
Mines,  Engineering,  and  Chemistry  who  have  not  finished 
Course  15. 

Div.  D— May  31  to  July  5.    5  weeks-Course  15. 

Open  for  20  or  25  men  of  all  1st  year  students  as  assigned  on 
basis  of  scholarship. 

Div.  E— July  5  to  August  9.     5  weeks— Course  25. 

Open  for  2d,  3d,  4th  year  students  in  Civil  Engineering  who  re- 
ported with  Div.  C  or  Div.  D  for  Course  15. 
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Div.  F — July  5  to  August  9.     5  weeks— Course  27. 

Open  for  2d,  3d,  4th  year  students  in  Mining  and  Metallurgy  who 
reported  with  Div.  C  or  Div.  D  for  Course  15. 
Div.  G— July  5  to  August  9.     5  weeks— Course  15. 

Open  for  1st  year  students  as  assigned  from  those  not  assigned 
to  Div.  D  and  of  those  who  do  not  register  for  the  summer  session 
in  New  York.     (Probably  75  men.) 
Div.    H— July    12    to    August    16.    5    weeks— Course    26    C.E.    and 
Course  107  Astronomy. 
For  3d  and  4th  year  students  in  Civil  Engineering  who  have  fin- 
ished Course  15  and  Course  25. 
Div.  I— August  9  to   September   13.     5  weeks— Course  15. 

For   1st  year  students  as  assigned  from  those  not  assigned  to 
Div.  D  or  Div.  G.    (Special  dates  may  be  arranged  for  those  who 
attend  Summer  Session  at  Columbia  University  in  New  York.) 
Div.  J— August  16  to  September  13.    4  weeks— Course  71. 

For  3d  and  4th  year  students  in  Civil  Engineering  who  have  fin- 
ished  Course  15,   Course  25  and   Course  51-52. 

Div.   K— August   16  to    September    13,   4   weeks— Part   of   Course   25 
or  Course  27. 
For  2d,  3d,  4th  year  students  in  Mining,  Metallurgy  and  Civil 
Engineering  who  reported  with  Div.   C  and  who  withdrew  with 
permission  on  July  5  to  attend  Summer  Session  at  Columbia  Uni- 
versity, in  New  York. 
Div.  L— *August  16  to  September  13.     4  weeks— Part  of  Course  15. 
For  special  students  not  heretofore  registered  at  Columbia  Uni- 
versity but  who  have  been  in  attendance  at  Summer  Session  at 
Columbia. 

Div.  M— August  23  to  September  13.    3  weeks— Course  28. 

For  2d,  3d,  4th  year  students  in  Mining  and  Metallurgy  who  have 
finished  Course  15,  Course  27  and  Course  23. 

*Special  students  wishing  to  enter  this  course  and  who  are  not  in  attendance  at 
bummer  Session  in  New  York  should  report  August  9. 
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CIVIL  ENGINEER 

FIRST   YEAR 
See  page   28 

SECOND    YEAR 


First  I/.il/   Ytar 

Sea  P-.yc 

Clau 

Lab'y 

70 

H'ltanv  7 

Growth  ami  Character  of  Timber* 

1 

3 

8a 

Drafti 

3 

9o 

Mathematics  65 

■  al  Calculua 

5 

<#> 

Ifech.  En^'.  13 

3 

1 

..  V  5 

Minerals  of  Building  Si 

2 

3 

106 

Ifining  53 

.  ration,   Tunneling,    B  rii  g   and 

:  '-sinking 

2 

iog 

Phvs.  Educ.  B 

G  vmnasium 

a 

no 

s  5 

5 

1 1 

■  43 

Physics  Laboratory 

3 

lit 

Shop  Work  15 

n^  and  Foundry  Practice 

Total.. 

3 

18 

17 

Second  Half  Year 

75 

Chemistry  8a 

Industrial 

3 

8a 

Graphic! 

1 

6a 

Drafting  8 

Structural  Drafting 

'3 

Elect.  En<.  * 

Electrical  Engineering 

2 

87 

Geology  18 

General  Geology 

3 

*3 

. 

Ifech.  Bug.  14 

1  Power  Machinery 

3 

no 

Mechanics  102 

Analytical  Mechanics 

5 

101 

Metallurgy  134 

Iron  and  Steel 

a 

log 

Phys.  Educ.  b 

Gymnasium 

a 

no 

Physics  44 

Physics  Laboratory 

3 

113 

Shop  Work  16 

Machine-work 

Total.. 

3 

18 

18 

•Satur 

day  P.M.,  1  aftern 

aon  during  April  and  If  ay— equivalent  1 

hour. 

Summer  Work  : 

Practical  Surveying  Civil  Eng.  25S— 5 

weeks. 

CIVIL  ENGINEERING 
THIRD   YEAR 
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First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

70 

Astronomy  105 

Geodesy 

3 

76 

Civil  Eng.  21 

Roads,  Streets  and  Pavements 

77 

Civil  Eng.  51 

Railroad  Surveying 

2 

3 

77 

Civil  Eng.  53 

Resistance  of  Materials 

5 

3 

77 

Civil  Eng.  53 

Resistance  of  Materials  (Testing  Lab.) 

3 

78 

Civil  Eng.  59 

Sanitary    Treatment,    Water    Supply 
and  Sewage 

2 

78 

Civil  Eng.  61 

Theory  of  Trusses 

2 

3 

90 

Mech.  Eng.  17 

Engineering  Thermodynamics 

2 

97 

Mech.  Eng.  77 

Mechanical  Laboratory 

Total.. 

1 

3 

18 

15 

Second  Half  Year 

70 

Astronomy  106 

Geodesy 

1 

3 

77 

Civil  Eng.  52 

Railroad  Surveying 

3 

3 

77 

Civil  Eng.  54 

Resistance  of  Materials  (Problems) 

3 

.    78 

Civil  Eng.  58 

Masonrv  Structures 

3 

3 

78 

Civil  Eng.  62 

Graphic  Statics 

2 

3 

83 

Elect.  Eng.  4 

Electric  Distribution 

2 

83 

Elect.  Eng.  72 

Direct  Current  Laboratory 

I 

3 

90 

Mech.  Eng.  18 

Engineering  Thermodynamics 

2 

97 

Mech.  Eng.  78 

Kinematics 

Total.. 

3 

17 

18 

Sum 

IERWORK:    |  gyd 

rographic  Surveying— Civil  Eng.  26S     1 
detic                     "          —Astronomy  107S | 

5  weeks. 

Railroad  sur 

/eying  practice— Civil  Eng.  71 S— 4  week 

s. 

FOURTH    YEAR 


First  Half  Year 

79 

Civil  Eng.  75 

Hydraulics 

3 

79 

Civil  Eng.  85 

Foundations 

2 

79 

Civil  Eng.  87 

Bridges,  Roofs  and  Buildings 

2 

3 

80 

Civil  Eng.  89 

Railroad  Engineering 

3 

3 

So 

Civil  Eng.  97 

Water  Supply  and  Irrigation  Eng. 

3 

81 

Civil  Eng.  99 

Thesis 

2 

93 

Mech.  Eng.  41 

Machine  Design 

1 

3 

95 

Mech.  Eng.  63 

Hydraulics  Laboratorv 

3 

84 

Elect.  Eng.  75 

Alternating  Current  Laboratorv 

1 

3 

85 

Elect.  Eng.  5 

Alternating  Current  Engineering 

Total.. 

1 

18 

15 

Second  Half  Year 

79 

Civil  Eng.  88 

Bridges,  Roofs  and  Buildings 

2 

3 

80 

Civil  Eng.  90 

Railroad  Engineering 

3 

3 

80 

Civil  Eng.  94 

J  Design  and  Construction  of  Sewers  / 
'/  River  and  Harbor  Improvement       ) 

81 

Civil  Eng.  100 

Thesis 

3 

3 

85 

Elect.  Eng.  112 

Electric  Railway 

2 

3 

89 

Law  2 

Business  Law 

2 

93 

Mech.  Eng.  46 

Hydraulic  Turbines 

Total.. 

3 

17 

12 
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SANITARY  ENGINEERING 
GENERAL  STATEMENT 
The  course  in  Sanitary  Engineering  is  a  differentiation  from  the 
regular  course  in  Civil  Engineering  and  naturally  leads,  therefore  to 
the  same  degree.  The  first  year  is  identical  with  the  first  year  of  other 
engineering  courses,  while  the  second  year  is  almost  identical  with  the 
regular  second-year  work  of  the  course  in  Civil  Engineering  The 
special  extensions  in  sanitary  work  are  developed  in  the  third  and 
fourth  years.  It  will  be  found  that  these  sanitary  subjects  are  set 
forth  so  as  to  cover  in  a  thorough  and  comprehensive  way  those  spe- 
cial fields  occupied  by  the  sanitary  engineer  of  the  present  day  They 
include  the  sanitary  treatment  of  water  supplies  and  sewage  with  special 
work  extended  both  by  lectures  and  laboratory  work  into  biology  and 
bacteriology,  standard  laboratory  methods  in  the  sanitary  administra- 
tion of  public  water  supplies,  drainage,  heating  and  ventilation  and  the 
general  principles  of  sanitary  science,  public  health  and  hygiene.  These 
samtary  specialties  are  of  advanced  character,  covering  the  latest  inves- 
tigations in  such  special  work  as  daily  bacterial  tests  of  potable  water 
for  public  purposes,  the  extermination  of  mosquitoes  and  other  disease- 
carrying  insects,  the  improvement  of  public  health  conditions  found  in 
cities  and  towns,  the  drainage  and  sanitary  treatment  of  lands  and  the 
sanitary  administration  of  buildings  and  industrial  establishments  liable 
to  create  nuisances.  A  graduate,  therefore,  of  this  course  is  qualified  to 
enter  the  advanced  practice  of  sanitary  engineering  in  all  its  special 
fields. 

SECOND  YEAR 


First  JlalJ   Year                                        Hours  per  week 

Sec  Page 

Name  of  Course 

Description  of  Course 

Lect. 

Lab'y 

70 

Botany  7 
Chemistry  65 
Drafting  5 

Growth  and  Character  of  Timbers 

3 
6 

73 
82 

Quantitative  Analysis 
Graphics 

a 

go 
90 

Math.  65 
Mech.  Eng.  13 

Differential  and  Integral  Calculus 
Steam  Power  Machinery 
Minerals  of  Building  Stones 
Gymnasium 

5 
3 

3 

3 

'05 
109 

Mineralogy  5 
Phys.  Educ.  B 

3 

no 

PhyBi'cs  5 

Electricity 

no 

Physics  43 

Physical  Laboratory 

Total 

5 

3 

18 

20 

Second  Hal/  Year 

74 
75 

i-netnistry  76 
Chemistrv  82 

-Microscopical  Analysis 
Industrial  Chemistry 
Structural  Drafting 
Electrical  Engineering 
General  Geology 

3 

2* 

82 

Drafting  8 

6 

83 

Elect.  Eng.  2 

3 
3 
5 
3 

3 

87 

Geology  18 

3t 

no 

Mechanics  102 

Analytical  Mechanics 

00 
101 

Mech.  Eng.  14 
Metallurgy  134 

Steam  Power  Machinery 
Iron  and  Steel 

109 

Phys.  Educ.  B 

Gymnasium 

2 
3 
3 

112 

Physics  44 
Shop  Work  16 

Physics  Laboratory 
Bench  and  Machine 

Total.. 

18 

16 

February  and  Marc 
tApril  and  Mav-Ge 

i— Microscopical  Analysis  equivalent  to  1  hou 
ology  equivalent  to  1  hour. 

r. 

Summer  Work : 

Practical  Surveying  C.E.  25s. -5  weeks. 

SANITARY  ENGINEERING 
THIRD  YEAR 


5i 


See  Page 


Name  of  Coui 


Chemistry  79 
Civil  Eng.  21 
Chemistry  41 
Civil  Eng  51 
Civil  Eng.  53 
Civil  Eng.  53 
Civil  Eng.  59 

Civil  Eng.  61 


Chemistry  yi 
Civil  Eng".  52 
Civil  Eng.  54 
Civil  Eng.  58 
Civil  Eng.  62 
Elect.  Eng.  4 
Elect.  Eng.  72 
Mech.  Eng.  78 


First  Half  Year 


Hours  per  week 


Description  of  Course 


Sanitary  Bacteriological  Analysis 
Roads,  Streets,  and  Pavements 
Organic  Chemistry 
Railroad  Surveying 
Resistance  of  Materials 
Resistance  of  Materials  Testing 
Sanitary  Treatment  of  Water  Sup- 
plies and  of  Sewage 
Theory  of  Trusses 

Total.. 


Lect.    Lab'y 


16 


Second  Half  Year 


Sanitary  Bacteriological  Analysis 
Railroad  Surveying 
Resistance  of  Materials 
Masonry  Structures 
Graphic  Statics 
Electric  Distribution 
Direct  Current  Laboratory 
Kinematics 

Total. 


Summer  Work  :    Hydrographic  Surveying,  C.  E.  26S-5  weeks. 
Railroad  Surveying  Practice.  C.  E.  71S— a  wppIcs 


2 

3 

3 

3 

3 

3 

2 

3 

2 

1 

3 

3 

16 

15 

FOURTH  YEAR 


First  Half  Year 


Chemistry  179 
Civil  Eng.  57a 

Civil  Eng.  57b 

Civil  Eng.  75 
Civil  Eng.  85 
Civil  Eng.  87 
Civil  Eng.  89 
Civil  Eng.  97 
Mech.  Eng.  17 
Mech.  Eng  63 


Chemistry  180, 
Civil  Eng.  90 
Civil  Eng.  94 
Civil  Eng.  96 

Civil  Eng.  100 
Elect.  Eng.  76 
Law  2 

Mech.  Eng.  76 
Mech.  Eng.  82 


Analysis  of  Water  and  Sewage 
Statistics  and    Interpretation    of 

Water  Analyses 
Drainage  of  Marshes  and 

Lowlands 
Hydraulics 
Foundations 

Bridges,  Roofs  and  Buildings 
Railroad  Engineering 
Water  Supply  and  Irrigation  Eng 
Engineering  Thermodynamics 
Hydraulics  Laboratory 

Total 


Second  Half  Year 


Sanitary  Analysis 
Railroad  Engineering 
Sewers,  and  River  and  Harbor  Imp 
Principles  of  Sanitary  Science,  Pub- 
lic Health  and  Hygiene 
Thesis 

Alternating  Current  Laboratory 
Business  Law 
Mechanical  Laboratory 
Heating  and  Ventilation 

. Total.. 


15 


15 


11- 
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ELECTRICAL    ENGINEERING 

General    Statement 
The  prescribed  course  leading  to  the  deeree  of  FWtr,     i   t?     • 

The  graduate  in  Electrical   Jingineerins  is  armrHJ««l 

a  Men  sciences  as  mil  prepare  him  for  the  demands  likely  to  be  made 
upon  h.m  ,n  connection  with  the  pract.ee  of  his  profession 

ZlZTZVr  ^  ,eCU'rtS  a"d  rCCitati°"S  "  «"  «  *  .aboratory, 
work  shop   and    draw.ng-room    practice,    with    periodic    visits    to    tie 

ZmhIZ     "T  t,eCtnCal  faCt0ri".  P°*«r  ^<ion    and  0tl, c 
establishments  in  and  about  New  York  City. 

Equipment 

The  offices,  laboratories,  museums  and  lecture  rooms  of  the  Electrical 

End ir™  Trme'"  a"  iU  ",C  SOl'lhern  P°rli0»  of  the  Eng  r  „  ' 
Bu,  <1,„?.  The  laborator.es  located  in  the  basement  contain  direct  a,"d 
a  ternat.ng  current  machinery  and  apparatus.  The  smaller  machine, 
a  mounted  upon  heavy  tables,  thus  raising  them  to  a  convene, 
he.ght  and  affordmg  space  for  instruments  and  note-books.  To  farther 
sm.pl.fy  the  worlc   the  machines  ^  been  To  furt her 

motor   be.ng  prov.ded    for   each   generator,   so   that  the   experimental 
work  of  one  squad  of  students  is  entirely  independent  of  that  of  other 

The  direct  current  laboratory  contains  constant  potential  and  con 
ant  current  generators,  motor-dynamos,  as  wel.  as  various  type  o 
at  onary  and  radway  motors,  aggregating  forty  machines  rangin"  h 

pacty  from  i  to  35  kilowatts  and  of  standard  voltages  from     «  to 

rtvmTnTn  a"d  tW°  5  kW'  ?enerat°r  SetS  with  <™^  switchbo/rdt 
ZioZTk"  "7  ",StrumOTts  ™^  various  experiments  to  be 
performed  by   the   students  on   the  parallel    operation   of  generators 
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The  constant  current  equipment  includes  a  dynamo,  standard  switch- 
board and  series  lamp  circuits.  A  working  standardization  equipment 
for  the  calibration  of  all  measuring  instruments  is  installed  in  this 
laboratory,  and  prior  to  any  tests  the  students  are  required  to  check  their 
various  instruments.  About  eighty  electrical  measuring  instruments 
are  employed  in  this  laboratory,  comprising  ammeters  and  voltmeters 
with  various  scale  ranges,  also  speed  indicators,  transmission  and 
absorption  dynamometers.  This  laboratory  is  provided  with  a  set  of 
machine  and  hand  tools  employed  in  the  repair  of  the  various  pieces 
of  apparatus. 

The  alternating  current  apparatus,  located  in  the  adjoining  room, 
comprises  one  single-phase  alternator  of  10  k.w.  capacity  and  two 
three-phase  alternators  of  10  and  45  k.w.  capacity,  respectively;  two 
10  kilowatt  synchronous  motors  and  rotary  converts  operative  on  single- 
phase  or  two-phase  circuits;  two  single-phase  and  four  polyphase  induc- 
tion motors  varying  in  capacity  from  1  to  10  horse-power ;  constant  poten- 
tial transformers  of  various  capacities  ;  phase  transformers  for  converting 
two-phase  to  three-phase  currents  and  vice  versa;  a  constant  current 
transformer  equipment  of  5  kilowatts  capacity  with  its  control  board, 
circuits  and  lamps ;  an  induction  regulator  of  5  kilowatts  and  a  mercury 
arc  rectifier  of  the  same  capacity.  Each  of  the  various  alternators  is 
provided  with  its  own  driving  motor,  so  that  the  speed,  voltage  and  fre- 
quency may  be  altered  as  desired.  This  laboratory  equipment  includes  a 
complete  switchboard  for  the  operation,  control,  and  testing  of  the 
rotary  converters  used  as  such  or  as  alternators;  also  a  special  polyphase 
circuit  measuring  board  and  about  fifty  instruments  for  the  measure- 
ment of  alternating  voltage,  current  and  power.  The  alternating 
current  ammeters  and  voltmeters  are  of  various  capacities,  ranging 
from  fractional  values  up  to  2,000  amperes  and  600  volts  respect- 
ively, also  wattmeters  up  to  1.200  kilowatts  range.  The  instru- 
ment equipment  further  includes  several  frequency  indicators,  syn- 
chronizers and  power  factor  meters  as  well  as  a  complete  oscillo- 
graph and  an  ondograph  for  the  determination  of  wave  forms,  phase 
relations,  etc. 

The  lecture  rooms  are  provided  with  direct-current,  single-phase  and 
polyphase  electrical  circuits  and  projection  lanterns  so  that  the  lectures 
may  be  accompanied  by  experimental  demonstrations  and  illustrations. 
The  museum  contains  many  pieces  of  apparatus  and  parts  of  machines 
used  in  connection  with  the  lectures,  such  as  specimens  of  pole  line 
insulators,  conduit  material,  rail  sections,  rail  bonds,  insulated  cables 
and  materials  employed  in  transmission  line  and  electric  railway  con- 
struction. Also  various  pieces  of  apparatus  employed  in  telegraphy 
and  telephony;  forms  of  storage  battery  plates,  samples  of  products 
obtained  by  electro-chemical  actions,  elementary  electrical  apparatus, 
etc. ;  pieces  of  electrical  machinery,  such  as  armature  laminations,  field 
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and  armature  coils,  commutator  sections    brush  l„w„,    i,      u       . 
sulating  materials;  small  models  of  varLs  tvoe^f  "'  'n" 

motors;  numerous  forms  of  incandescem  a  d  fr ul*™Z  met 
anisms,    carbons    and   electrodes-    i;„M„-  P  '         p  mech" 

devices  and  measuring  instruments  *       "S   arreS*erS'    "**   Pr°teCtin« 

officers.  The  l£EZ£L£2E%Z  £fl  ^  ^  4"e 
ments  are  permanently  set  up,  rJdyoTuZV'™"^'™™- 
different   fo.ms   of  galvanometers    ,L  T  f"  'nC'Ude  ™ny 

ranges  from  .ox  to  600  ampe t  '  two  H  amPere  ^"^  Whh  Sca,e 
I  to  2oo  amperes  res^ecthelv  1  St,  fTST*""  wi<«  ranges  of 
meter  having  a  «„«  fron ,  m  ,  ,      W"t0n  laborat<"-y   volt- 

.aboratory  ^S^TUk  l\ T  o7  hums  rea^^  WeS,°n 
amperes,  Wes.inghouse  precision  w  ,  LtoLZtlJ*,  '°  5°° 
accurate  potentiometers.     The  equinment  flrlh  °  V"y 

for  the  exact  measurement  of  IZL"  t  7°*"°"  ^'^ 
hysteresis,   and   magnetic   le\kte     Th"\  '   Permeabili'y. 

d.  „„™,  m  „„,ion  „„,„B  ,„,     ~„«  „  •« '™ 

.«    .applied    with    necessary    protective   and    meaJuH ^g  "s  Tn" 
all    are   designed    for   operation    on    60   cycle   circuits      TW.  I    . 
ment  laboratory  is  also  equipped  with  several  f m    of  sfcX K 

the    standardizat.on    of    consumers'    electric    meters    for    th,    n        . 

Sof  Water  SuppI* G-  and  ■taSdTSTfc'ctJfts: 

The  photometric  testing  laboratory  of  this  Denartment  i.  .J.  .  a 
»n  the  basement  of  Havcmeyer  Hall  "and  is  J^Z  with  \ *j££ 
Brodhur .screen  photometer  for  incandescent  lamp  te     ng \  BnnTen 
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eScS*  ttt^zsjzzxt-rr in  E,ectrical 

are  fully  set  forth  in  the  "General  St  ?.**,"  ,"  mtended  t0  ^ 

neering  DePar,me„t.  *'  State™"< '  °f  *•  E.ee.rieal  Engi- 

lowing  list  of  studies  for  ,Th  £     ^  are  given  in  th«  f°I- 

reauirLent  being  e^lnednforrfu,,^  ^n"  °f  ^  SUbJeCt  °r 
referred  to.    The  first    wo  vea  s  of  th  Departmental  Statement 

—-  sublets,  ^sr^trsrsito^da- 

drawing  and  certain  eW«-r,Vai  ™^         u     •     ,        '  cnemistry,  mechanics, 
are  elementary  SKS^  SS?  ^^  -**  ^ 

fessiona,  instruction  of  the  ^Z"Z  f!         ^jS?"?  ^ 
these   later   years    theoretical    subjects    such   as   thermnT  '", 

e.ectro-mechanics,  are  included  and  .•^"•^MST   ^ 

FIRST   YEAR 
See  page  28 

SECOND  YEAR 


First  Half  Year 


See  Page 


73 
82 
90 
90 
109 
no 


Chemistry  65 
Drafting  5 
Mathematics  65 
Mech.  Eng.  13 
Phys.  Educ.  B 
Physics  5 
Physics  43 
Physics  55 
Shop  Work  13 


Hours  per  week 


Quantitative  Analysis 

Graphics 

Differential  and  Integral  Calculus 

Steam  Power  Machinery  v""cums 

Gymnasium 

Electricity 

Physical  Laboratory 

Physical  Measurements 

Machine  Work 

Total. 


Class 


Lab' 

6 
3 


Second  Half  Year 


75 

82 

82 

83 

90 

no 

101 

109 


Chemistry  82 
Drafting  6 
Drafting  8 
Elect.  Eng.  2 
Mech.  Eng.  14 
Mechanics  102 
Metallurgy  n4 
Phys.  Educ.  B 
Physics  44 
Shop  Work  14 


Industrial  Chemistry 

Graphics 

Structural  and  Machine  Drawing 

Stl?mnpowerD^na^0  El6Ctric  ^ach'y 
oceam  Fower  Machinery 

Analytical  Mechanics 

Metallurgy  of  Iron  and  Steel 

gymnasium 

Physical  Laboratory 

Machine  Work 
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First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

77 
77 
79 
84 
86 
90 
93 
110 
in 

Civil  Eng.  53 
Civil  Eng.  53 
Civil  Eng.  77 
Elect.  Eng.  101 
Elect.  Eng.  173 
Mech.  Eng.  17 
Mech.  Eng.  41 
Mechanics  105 
Mechanics  107 

Resistance  of  Materials 
Resistance  of  Materials  (Testing  Lab.) 
Hydraulics 

Generator  and  Motor  Practice 
Direct  Current  Laboratory- 
Engineering  Thermodynamics 
Machine  Design 
Thermodynamics 
Theory  of  Electricity  and  Magnetism 

Total.. 

5 

2 
3 

2 
1 
2 
2 

3 
3 

6 
3 

17 

15 

Second  Half  Year 

82 
83 
85 
86 
90 
92 
97 
in 

Economics  2 
Elect.  Eng.  52 
Elect.  Eng.  104 
Elect.  Eng.  174 
Mech.  Eng.  18 
Mech.  Eng.  36 
Mech.  Eng.  76 
Mechanics  108 

Economics 

Design  of  Direct  Current  Machinery 

Electrical  Distribution 

Direct  Current  Laboratory 

Engineering  Thermodynamics 

Kinematics  of  Machinery 

Experimental  Mech.  Eng. 

Theory  of  Electricity  and  Magnetism 

Total.. 

3 
2 
3 

2 

I 

3 
15 

3 

6 

6 
3 

18 

Summer  memoir. 

FOURTH  YEAR 


First  Half  Year 

76 

Chemistry  183 

Electrochemistry 

2 

3 

84 

Elect.  Eng.  103 

Electric  Motors 

3 

85 

Elect.  Eng.  105 

Alternating  Current  Engineering 

3 

85 

Elect.  Eng.  109 

Telegraphy 

1 

86 

Elect.  Eng.  175 

Alternating  Current  Lab. 

1 

6 

86 

Elect.  Eng.  177 

Instrument  Laboratory 

1 

6 

94 

Mech.  Eng.  53 

Steam  Turbines 

2 

97 

Mech.  Eng.  77 

Experimental  Mechanical  Laboratory 

1 

3 

in 

Mechanics  109 

Theory  of  Alternating   Current  Ma- 
chines 

Tctal 

4 

18 

18 

Second  Half  Year 

83 

Elect.  Eng.  54 

Design  of  Alt.  Current  Machinery 

2 

3 

84 

Elect.  Eng.  98 

Graduation  Thesis  (Optional) 

85 

Elect.  Eng.  106 

Electric  Plants 

2 

85 

Elect.  Eng.  108 

Plant  Inspection 

1 

3 

85 

Elect.  Eng.  no 

Telephone 

1 

85 

Elect.  Eng.  112 

Electric  Railways 

2 

86 

Elect.  Eng.  176 

Alternating  Current  Laboratory 

I 

6 

95 

Mech.  Eng.  56 

Hvdraulic  Turbines  Installations 

I 

95 

Mech.  Eng.  60 

Hydraulic  Laboratory 

3 

96 

Mech.  Eng.  72 

Gas  Power  Machinery 

2 

3 

Til 

Mechanics  no 

Theory  of  Electrical  Circuits 

3 

III 

Physics  52 

Conduction  of  Electricity  in  Gases 

Total.. 

1 

16 

18 
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MECHANICAL    ENGINEERING 
General    Statement 

The  regular  four-year  course,  leading  to  the  degree  of  Mechanical 
Engineer,  offers  a  thorough  basic  training  in  the  design,  construction, 
manufactu  -e  and  operation  of  all  classes  of  standard  and  special  ma- 
chinery, and  their  economic  application  to  railroads,  ships,  mills,  shops, 
factories  and  power  plants,  as  well  as  in  the  technical  and  executive 
management  6i  the  manufacturing  and  transportation  industries.  To 
this  end  the  course  of  instruction  is  as  broad  as  is  consistent  with 
the  directness  of  its  purpose.  The  Mechanical  Engineer  must  not  only 
be  grounded  m  the  fundamental  scientific  basis  of  his  profession,  and 
so  trained  as  to  be  capable  of  applying  this  to  both  the  technical  and 
commercial  aspects  of  industrial  problems,  but  his  immediate  useful- 
ness upon  graduation  demands  that  a  considerable  portion  of  the  in- 
struction be  concerned  with  the  practical  application  of  the  principles 
taught. 

The  course  begins  with  a  thorough  training  in  mathematics,  physics 
and  chemistry  as  a  foundation  for  the  appropriate  technical  work, 
which  is  developed  along  several  parallel  lines.  Applications  of  these 
fundamental  sciences  to  the  physical  properties  of  the  materials  of  con- 
struction, especially  the  metals  and  their  practical  manipulation,  lead 
through  the  courses  in  metallurgy,  mechanics,  resistance  of  materials, 
shop  processes,  the  materials  testing  laboratory,  drafting  and  kinematics 
to  the  principles  of  design,  which  are  fixed  by  application  to  the  design 
of  machinery  for  the  execution  of  any  sort  of  process  in  which  ma- 
chinery is  either  absolutely  essential  or  more  economical  than  cor- 
responding hand  execution  of  the  same  process.  The  principles  under- 
lying the  performance  of  machinery  are  developed  by  courses  in  ther- 
modynamics, mechanics  and  hydraulics  with  experimental  laboratory 
demonstration  and  are  fixed  by  analysis  of  machinery  for  steam,  gas 
and  water  power,  pumping,  compressing,  refrigerating,  mechanical 
handling  of  materials  and  their  most  important  applications.  The  in- 
struction in  the  performance,  design  and  manufacture  of  machines  and 
power  units  in  the  class-room  and  laboratory,  supplemented  by  visits  to 
power  plants  and  factories,  is  the  basis  of  the  work  on  the  design  of 
plants  and  mills. 

Throughout  the  instruction  the  student  is  thrown  as  much  as  pos- 
sible on  his  own  resources,  encouraged  to  use  such  knowledge  as  he 
possesses,  to  read  standard  authorities  and  to  make  comparisons  be- 
tween the  existing  data  on  various  subjects  and  with  the  results  of 
theoretical  computations.  In  the  experimental  work  special  stress  is 
laid  upon  this  as  a  means  for  the  development  of  that  initiative,  execu- 
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tive  ability  and  spirit  of  investigation  so  necessary  for  the  successful 
practice  of  the  profession,  which  is  one  long  series  of  new  problems 
demanding  solution.  The  commercial  and  industrial  phases  of  the 
technical  subjects  are  dwelt  upon  throughout  the  entire  course  of  in- 
struction, and  particular  attention  is  given  to  labor  and  cost  systems, 
works  management,  economy  of  manufacture  and  of  power  genera- 
tion, economics  and  industrial   law. 

To  insure  a  close  contact  between  the  work  of  the  department  and 
the  practice  of  the  profession,  recognized  experts  are  invited  to 
give  lectures  on  their  particular  subjects,  the  regular  officers  of  the 
department  attending  and  subsequently  holding  recitations  and  exam- 
inations. 

For  a  list  of  special  lecturers  and  their  subjects  see  pages  9-12. 

In  addition  to  these  regular  lecturers,  a  list  of  non-resident  lecturers, 
who  deliver  one  or  more  lectures  to  the  students  on  the  work  in  their 
respective   engineering   fields  will  be   found   on   pages  9-12. 

The  overlapping  of  the  Mechanical  Engineering  and  Electrical  Engi- 
neering professions  makes  it  desirable  that  the  Mechanical  Engineer 
shall  be  thoroughly  conversant  with  the  ordinary  problems  of  the  Elec- 
trical Engineer  in  the  generation  and  distribution  of  electric  current, 
the  characteristics  of  electrical  machinery,  and  the  design  and  instal- 
lation of  electrical  plants.  To  this  end  students  in  this  course  receive 
instruction  in  the  department  of  Electrical  Engineering  covering  these 
subjects. 

Graduate  work  in  Mechanical  Engineering  is  offered  to  students  who 
have  successfully  completed  the  undergraduate  course.  This  graduate 
work  includes  the  more  difficult  applications  of  mechanics  and  thermo- 
dynamics to  questions  of  engineering,  as  well  as  special  investigations 
in  design,  experimental  research,  and  the  development  of  new  processes 
of  manufacture.  Courses  are  also  offered  to  students  in  other  depart- 
ments covering  such  instruction  in  Mechanical  Engineering  as  may 
properly  assist  in  the  practice  of  their  respective  professions. 


Equipment 

Besides  the  usual  offices,  lecture  rooms,  drawing  rooms  and  museum, 
the  department  is  unusually  well  equipped  with  experimental  laboratory 
facilities.  These  laboratories  cover  a  floor  space  of  some  18,500  sq.  ft. 
and  contain  apparatus  valued  roughly  at  $75,000.  A  fairly  full  line 
of  instruments  for  making  simple  measurements  is  always  available  for 
regular  student  work,  and  includes  thermometers,  pyrometers,  barom- 
eters, simple  and  differential  manometers,  draft  gauges,  speed  counters, 
tachometers,  angular  velocity  meters,  planimeters,  Pitot  tubes,  water 
meters  of  piston,  rotary  and  Venttiri  type,  hook  gauges,  steam  and  gas 
meters,  steam,  gas,  coal  and  oil  calorimeters,  flue  gas  analysis  apparatus, 
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scales  for  weighing  and  measuring,  transmission  dynamometers,  Prony 
brakes,   indicators  of  all  types,  pressure  and  vacuum  gauges,  'anemo- 
meters, mercury  columns,  and  calibrating  apparatus  for  all  instruments 
Besides  these  measuring  devices  there  is  a  large  number  of  pieces  of 
special  apparatus  for  various  purposes,  such  as  the  testing  of  carburetors 
pressures  due  to  explosion  of  gas  mixtures,  rate  of  flame  propagation  in 
explosive  mixtures,  pressure  and  temperatures  of  vaporization  of  liquid 
fuels,   loss    >f   head    in    steam,    air    and    water  pipes,    condensation   of 
steam  in  pipes,  flow  of  steam  or  water  through   orifices  and  turbine 
nozzles,    capacity    of   steam    traps,    flash,    chill,    density,    viscosity    and 
carbonization    of    oils,    friction    of    bearings,    losses    in    power    trans- 
mission.     These    various    instruments    and    pieces    of    apparatus    are 
grouped    and    used    in    connection    with    a    considerable    number    of 
machines  of  standard  form.     They  include  a  standard  gauge  Vauclain 
compound  locomotive,  mounted  on  friction  wheels  equipped  with  dynam- 
ometers.    This  locomotive  is   so  erected  that  it  can  be  operated  with 
its  own  steam,  line  steam  or  compressed  air,  the  exhaust  passing  through 
an   induced  draft   fan   separately  driven  by  a   small  steam   engine.     A 
Reynolds  Alhs-Corliss  triple  expansion  engine,  double  eccentric  type   is 
equipped  to  operate  condensing  and  non-condensing,  and  is  fitted  with 
reheating  receivers  and  may  be  operated  with  line  steam  or  high  pres- 
sure steam  from  the  locomotive  boiler.    The  Corliss  engine  has  a  tan- 
dem connected   to   three  air  cylinders,   equipped   with   Gutermuth   flap 
valves,  operating  three-stage  with  water  intercoolers.  A  cross  compound 
steam,  two-stage  air  compressor  of  the  Ingersoll-Sargent  type  operates 
m  parallel  with  the  other  air  compressor  and  with  a  Westinghouse  sim- 
ple air  pump  with  complete  air  brake  equipment.     There  is  also  a  belt 
and  a  steam  driven  fan  for  fan  investigations,  together  with  belt  and 
steam    driven    centrifugal    pumps    for    corresponding    investigation    on 
centrifugal    action    of    water.     Besides   the    steam    engines    mentioned 
there  are  also  a  Westinghouse  two-cylinder,   single-acting;   Mcintosh 
and    Seymour   automatic;    Sweet    straight-line    simple    engine,    besides 
some   smaller  reciprocating  units,  and   a  De  Laval  steam  turbine    all 
piped   to   condensers    for   efficiency   tests   on   wet,   dry   or   superhe'ated 
by  a  Foster  superheater  separately  fired.    The  steam  used  by  the  engines 
and    pllmps    is    measured    by    any    one    of    three    surface    condensers, 
Wheeler,   Worthington,   Allis,   each   with   its   own   air  and   circulating 
pumps.       The     steam     equipment     includes     also     typical     injectors, 
steam     traps,     feed     water     heaters,      separators,     reducing     valves,' 
safety     valves,     back     pressure     valves     and     other     ordinary     steam 
auxiliaries  and  specialties.     The  hydraulic  work  is  well  provided  for 
by  two  large  20,000-lb.  measuring  tanks,  fitted  with  swinging  guide- 
bucket  for  continuous  flow  measurements,  receiving  the  discharge  from 
all  the  hydraulic  apparatus;  rectangular  and  trapezoidal  weirs,  fitted  to 
several  weir    tanks,    of   iron    and   wood,    three   impulse  water    wheels 
one  small  turbine,  one  hydraulic  ram,  simple,  single  and  duplex  steam 
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pumps,  direct  acting  and  flywheel,  compound  Blake  pump,  single  act- 
ing, direct  acting  triple  expansion  duplex,  low  pressure  Worthington 
pump  of  large  capacity  and  low  head,  separately  steam  driven  centri- 
fugal Lawrence  pump,  belt  driven  centrifugal  pump,  a  high  pressure 
pump  and  accumulator  of  the  Worthington  type  for  1500  lbs.,  and  a 
second  for  5000  lbs.  pressure.  Two  hot  air  engines,  and  several  in- 
ternal combustion  engines,  including  the  Nash,  fitted  to  operate  on 
various  fuels,  a  Hornsby-Akroyd  and  a  Mietz  and  Weiss  oil  engine,  an 
Otto,  an  International  Harvester,  a  Daimler  boat  engine  are  equipped 
for  gas  engine  test  and  investigation  work  of  great  variety.  From  time 
to  time  other  machines  are  secured  for  short  periods  of  time  for  testing 
purposes.  For  the  study  of  refrigeration  there  is  installed  a  small 
Brunswick  ammonia  compression  ice-making  and  refrigerating  unit, 
motor  driven,  and  a  larger  De  La  Vergne  steam-driven,  ice-making 
plant. 
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MECHANICAL   ENGINEER 

listed  Mi^^  Engineer  are 

they  are  given.     The  first  two  v?nr« I  the  year  and  term  in  which 

and    fundamental   sSbjec^  eSSe/lt,al  Preparatory 

mechanics  and  drawing which m  ™ f^SSS^jft?^  anal>'tic^ 
mentary   design    shoo  work  an/ tL     i  ?  edr  wlth   kl»ematics,   ele- 

engineering.  In  the °?h  rd  vear  fhlr  J T^  °f  5lectricaI  and  steam 
of  thermodynamics  resistance  of™?  ?eveI°Peud  ?*  basic  principles 
fixed  in  the  rnKfTeSenj bTdrffl  ?«*£*  5ydI?uHcs'  which  are 
sign  courses,   in  the  laboratory  h!  *  •    "  the  drfa"»'S  room  by  de- 

by&  analysis  of  ^t^^Sh^^nT^^  teSts  and  in  c,ass 
fourth  year  is  devoted  to  a  delZ  \L  f  e  ect/lcal  machinery.  The 
design/standard  ^SrtttSStt^S  SLSK  fT' 
between  units  constituting  power  plants  and  fnlnr?^  S  al-f,elatl0ns 
tion  is  here  paid  to  the  economics  n    ni  lactones.     Special  atten- 

in  industrial  law    economics  anr   u°nr?l  °al  en^lneeriI1g  by  courses 

course  the  aim  is  to  de Sop  clear ^^cotentirs^nL  ™rouSh°«t  ^ 
habits  of  independent  thoueht  anrf  «rT^  of  underlying  principles, 

to   any.  sort   of   Mcchan?^^^^ 

memorization  of  isolated  fart*  tu  I  Problems  rather  than  to  the 
student  to  take  lip  tl  e  desian  of  IhrltraininM'ven  not  only  fits  the 
esses  of  doing  thmg by  SEtariS^^  l"d  *F  Perfection  of  proc- 
a  leading  place  in  the mai  a^nfent  nW  S'  hu}  als°- t0  take  ultimately 
tion  industries  ma»age™nt  of  the  manufacturing  and  transporta- 

FIRST   YEAR 
See   page  28 
SECOND    YEAR 


First  Half  Year 


See  Page 


Drafting  7 
Mathematics  65 
Mech.  Eng.  11 
Mech.  Eng.  35 
Mech.  Eng.  59 
Phvs.  Educ.  B 
Physics  5 
Physics  43 
baopwork  1 


Structural  Drafting 

Calculus 

Steam  Power  Machinery 

Kinematics 

Empiric  Design 

Gvmnasium 

Electricity 

Physical  Laboratory 

Pattern  Making 


Total..! 


Hours  per  week 

Class 

Lab'y 



3 

5 

3 

3 

a 

3 

2 

5 

3 

6 





Second  Half  Year 


75 
83 
00 

Q2 
IIO 

IOI 

109 


Chemistry  8a 
Elect.  Eng.  2 
Mech.  Eng.  12 
Mech.  Eng.  36 
Mechanics  102 
Metallurgy  na 
Phys.  Educ.  B 
Physics  44 
I  Shopwork  2 
I  Shopwork  12 


Industrial  Chemistry 

Elements  of  Electrical  Engineering 

Steam  Power  Machinery 

Kinematics 

Analytical  Mechanics 

Iron  and  Steel 

Gymnasium 

Physical  Laboratory 

Moulding  and  Foundry  Practice 

Gorging 


ments,  with  report™  A  total  0PfQ  weeks         ^  r°°mS  °f  manu^turing 


Eng.  94s 
establish- 
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First  Half  Year 

Hours  per  week 

See  Page 

Class 

I.al>'y& 
Diaft'g. 

77 

Civil  Eng.  53 

Resistance  of  Materials 

5 

3 

83 

Elect.  Eng.  73 

Direct  Current  Laboratory 

3 

84 

Elect.  Eng.  ioi 

Dynamo  and  Motor  Practice 

2 

90 

Mech.  Eng.  17 

Engineering  Thermodynamics 

2 

92 

Mech.  Eng.  31 

Standard  Tests 

1 

3 

93 

Mech.  Eng.  39 

Machine  Design 

3 

3 

no 

Mechanics  105 

Thermodynamics 

2 

112 

Shopwork  11 

Machine  Shop 

6 

Total.. 

15 

18 

Second  Half  Year 

77 

Civil  Eng.  54 

Resistance  of  Materials  (Testing  Lab.) 

3 

79 

Civil  Eng.  78 

Hydraulics 

2 

85 

Elect.  Eng.  104 

Electric  Distribution 

3 

90 

Mech.  Eng.  18 

Engineering  Thermodynamics 

2 

92 

Mech.  Eng.  32 

Standard  Tests 

1 

3 

93 

Mech.  Eng.  40 

Machine  Design 

9 

94 

Mech.  Eng.  54 

Shop  Processes 

2 

96 

Mech.  Eng.  64, 

Air  Machinery 

2 

96 

Mech.  Eng.  66, 

Elevators  and  Conveyors 

1 

96 

Mech.  Eng.  70, 

Pumping  Machinery 

2 

95 

Mech.  Eng.  60 

|  Hydraulic  Laboratory                            | 
\  Metallographic  Laboratory                  ( 

102 

Metallurgy  156 

3 

Total.. 

16 

18 

Summer  Work:  Mech.  Eng 

.  96s.  6  weeks  practical  work  in  power  ph 

int,  witl 

report 

FOURTH    YEAR 


First  Half  Year 

84 
85 
91 
91 
91 
92 
93 

Elect.  Eng.  103 
Elect.  Eng.  105 
Mech.  Eng.  19 
Mech.  Kng.  21 
Mech.  Eng.  25 
Mech.  Eng.  33 
Mech.  Eng.  45 

Electric  Power 
Electrical  Distribution 
Engine  Design 
Gas  Power 
Steam  Power 
Standard  Tests 
Hydraulic  Turbines 

Total.. 

2 

2 
3 
4 
2 
2 
3 

18 

6 
3 
3 
3 

15 

Second  Half  Year 

84 
82 
89 
91 
91 

94 
94 

Elect.  Eng.  76 
Economics  2 
Law  2 

Mech.  Eng.  20 
Mech.  Eng.  26 
Mech.  Eng.  50 
Mech.  Eng.  52 

Alternating  Current  Laboratory 

Economics 

Business  Law 

Engine  Design 

Steam  Power 

Steam  Turbines 

Organization  and  Management 

Total.. 

1 
3 
2 
3 
2 
3 
3 

3 

6 
6 

17 

15 
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CHEMISTRY 
General    Statement 

The  regular  four-year  courses  of  instruction  herein  shown  are  de- 
signed for  the  education  of  professional  chemists  who  intend  to  devote 
their  lives  to  the  practice  of  this  profession,  either  as  teachers  in  col- 
leges and  scientific  schools,  or  as  chemists  or  managers  in  manufactur- 
ing and  other  industrial  enterprises. 

There  are  two  coi.rses  offered,  leading  to  the  degrees  of  Chemist 
and  Chemical  Engineer  respectively. 

Equipment 

In  Havemeyer  Hall  the  Chemical  Department  is  provided  with 
space  for  its  museum,  lecture-rooms,  and  laboratories,  and  every  con- 
venience has  been  furnished  for  both  the  instructors  and  students  work- 
ing in  the  general  or  special  courses. 

There  are  five  chemical  lecture-rooms,  all  fully  supplied  with  ap- 
paratus and  instruments,  the  desks  being  equipped  with  pneumatic 
troughs,  gas,  pressure,  exhaust,  and  electricity.  The  large  chemical 
lecture-room  on  the  ground  floor  contains  348  seats. 

The  Chandler  Museum  of  General  Inorganic  and  Organic  Chemistry 
and  of  the  Chemical  Arts,  a  large  room  occupying  the  whole  left  wing 
of  the  ground  floor,  contains  the  elements  and  all  their  more  important 
compounds,  inorganic  and  organic;  materials  and  products  illustrating 
the  chemical  arts,  and  numerous  models,  pictures,  and  diagrams. 

The  new  William  H.  Nichols  Laboratories  for  General  Inorganic 
Chemistry  and  Qualitative  Analysis,  together  with  the  rooms  for  in- 
structors and  for  research,  occupy  the  whole  of  one  floor  of  Havemeyer 
Hall.  They  are  fitted  up  in  the  most  modern  and  complete  way,  with 
all  the  conveniences  required   for  instruction  and  investigation. 

The  Quantitative  Laboratory  has  eighty-eight  desks.  Attached  to 
the  main  laboratory  is  a  large,  well-equipped  balance-room,  containing 
accurate  balances,  and  special  rooms,  provided  with  apparatus  for  gas, 
water,  food,  and  electrolytic  analysis. 

The  Organic  Laboratory  has  forty  large  desks,  provided  with  gas, 
water,  exhaust,  and  electricity,  and  has  special  rooms  for  balances,' 
pressure  ovens,  and  glass-blowing. 

The  Laboratory  of  Industrial  and  Engineering  Chemistry,  for  the  in- 
struction of  students  in  practical  application  and  the  solution  of  prob- 
lems in  connection  with  the  chemical  industries,  is  equipped  for  the 
manufacture  of  pure  chemicals  from  their  raw  materials  on  a  large 
scale,  with  batteries  of  steam  evaporators,  and  with  steam  stills,  cen- 
trifugals, filter  presses,  crushers,  vacuum  dryers,  multiple  effect  evapo- 
rators, stills  and  general  apparatus  for  industrial  research.    It  includes 
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a  textile  and  paper  laboratory  containing  a  calico  printing  machine, 
paper  making  machinery,  etc.,  and  the  regular  equipment  for  practical 
research.  Connected  with  it  is  a  photometer-room  containing  a  new 
and  complete  outfit  for  the  practical  testing  of  illuminants. 

A  new  Laboratory  for  Applied  Electrochemistry  has  been  provided. 
The  equipment  consists  of  special  motor-dynamos,  one  of  which  fur- 
nishes direct  current  at  low  voltages  to  the  students'  desks  for  general 
electrolytic  work;  the  other  provides  heavy  alternating  current  to  the 
electric  furnace  room;  this  room  is  furnished  with  all  appliances  for 
electric  furnace  work.  The  students'  desks  are  fitted  with  special 
switchboards  and  measuring  instruments,  and  the  laboratory  has  been 
arranged  for  carrying  on  research  work  in  all  branches  of  electro- 
chemistry. 

The  Laboratory  of  Physical  Chemistry  is  well  equipped  with  the 
most  recent  apparatus  adapted  to  a  wide  range  of  experimental  work 
in  the  branches  of  heat,  light,  and  electricity  as  applied  to  chemical 
problems. 

The  Chemical  Library  in  Havemeyer  Hall  is  supplied  with  an  ex- 
tensive collection  of  chemical  books  and  journals,  and  is  open  from 
9.00  a.m.  to  5.00  p.m.,  and  during  the  session  of  the  University  from 

8.00    to    11.00    P.M. 
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CHEMICAL    ENGINEER 

The  course  in  chemical  engineering,  as  will  be  seen,  is  designed 
to  educate  chemists  with  a  sufficient  amount  of  engineering  to  fit  them 
to  take  charge  of  chemical  industries  which  depend  upon  the  application 
of  engineering  methods  and  appliances  Lo  the  manufacture  of  chemical 
products.  This  requires  a  knowledge  of  mechanical  engineering,  elec- 
trical engineering,  hydraulics,  mechanical  drawing,  shopvvork,  etc.,  as 
well  as  a  thorough  knowledge  of  chemistry  in  all  its  branches. 


FIRST    YEAR 
See  page  28 

SECOND  YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

73 

Chemistry  41 

Organic  Chemistry 

a 

75 

Chemistry  81 

Industrial  Chemistry 

3 

73 

Chemistry  163 

Quantitative  Analysis 

3 

12 

90 

Mathematics  65 

Differential  Integral  Calculus 

5 

105 

Mineralogy  15 

Determinative  Mineralogy 

3 

no 

Physics  5 

Electricity 

5 

no 

Physics  43 

Physical  Laboratory 

3 

109 

Phys.  Educ.  B 

Gymnasium 

2 

Total.. 

18 

20 

Second  Half  Year 

72 

Chemistry  42 

Organic  Chemistry 

2 

75 

Chemistry  82 

Industrial  Chemistry 

3 

73 

Chemistry  164 

Quantitative  Analysis 

3 

12 

83 

Elect.  Eng.  2 

Elements  of  the  Dynamo 

2 

Ho 

Mechanics  102 

Analytical  Mechanics 

5 

105 

Mineralogy  16 

Determinative  Mineralogy 

3 

11  j 

Physics  44 

Physical  Laboratory 

3 

109 

Phys.  Educ.  B 

Gymnasium 

Total.. 

2 
20 

15 

s 

JMMER  WORK:   CI 

lemistry  80a,  1  week.     Shopwork  18s  (8), 

3  weeks 

in  June  or  July. 

CllllMISTRY 
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THIRD  YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

5 
2 
3 
2 
3 
2 

Lab'y 

3 
9 

3 

77 
72 
75 
70 
qo 
95 

Civil  Eng.  53 
Chemistry    49 
Chemistry  83 
Chemistry  101 
Mech.  Eng.  11 
Mech.  Eng.  59 

Resistance  of  Materials 
Organic  Chemistry 
Industrial  Chemistry 
Advanced  Inorganic 
Steam  Power  Machinery 
Empiric  Design 

Total.. 

17 

15 

Second  Half  Year 

11 
79 
73 
70 

83 
83 
89 
90 
104 

Civil  Eng.  54 
Civil  Eng.  76 
Chemistry  84 
Chemistry  102 
Elect.  Eng.  4 
Elect.  Eng.  72 
Law  2 

Mech.  Eng.  12 
Metallurgy  182 

Resistance  of  Materials  (Testing  Lab.) 

Hydraulics 

Food  Chemistry 

Advanced  Inorganic 

Electric  Distribution 

Direct  Current  Laboratory 

Business  Law 

Steam  Power  Machinery 

Assaying 

Total.. 

2 
3 
2 
2 

1 
2 
3 
2 

3 

3 

3 

6 

17 

15 

Su 

mmer  Work  :    Ch 
Chemica 

emistry  80b.     Visits  to  Industrial  Plants 
1  Factory  work  with  Report— 6  weeks. 

— 2  weeks. 

FOURTH  YEAR 


First  Half  Year 

71 

74 
75 
98 

QO 

93 
97 
100 

IOI 

Chemistry  121 
Chemistry  171 
Chemistry  197 
Mech.  Eng.  97 

Mech.  Eng.  17 
Mech.  Eng.  37 
Mech.  Eng.  77 
Metallurgyioi.in 
Metallurgy  131 

Physical  Chemistry 
Organic  Analysis 

Chemical  Factory  Machinery                  J 
Mechanical  Equipment  of  Chemical     > 
Factories                                                     ) 
Engineering  Thermodynamics 
Machine  Design 

Experimental  Engineering  Laboratory 
Introduction  and  Metallurgy  of  Copper 
Iron  and  Steel 

Total.. 

3 
2 

5 

2 

1 
1 
3 

6 

6 
3 

18 

15 

Second  Half  Year 

75 
7i 
76 

75 
90 

97 

IOI 

Chemistry  88 
Chemistry  122 
Chemistry  184 
Chemistry  198 
Mech.  Eng.  18 
Mech.  Eng.  76 
Metallurgy  122 

Industrial  Laboratory 
Physical  Chemistry 
Practical  Electro-Chemistry 
Chemical  Factory  Organization 
Engineering  Thermodynamics 
Experimental  Engineering  Laboratory 
Metallurgy  of  Gold,  Silver,  Lead,  Zinc 

Total.. 

3 
2 
3 
2 

3 

9 
3 
3 

3 

14             18 
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THE  DEGREE  OF  CHEMIST 

The  course  in  chemistry  includes  not  only  all  branches  of  theoretical 
analytical,  and  industrial  chemistry,  but  also  collateral  sciences  such 
as  mathematics,  mechanics,  physics,  mineralogy,  metallurgy,  electrical 
engineering,  and  drawing,  which  have  been  found  by  experience  to  be 
required  by  the  professional  chemist.  It  is  the  intention  to  provide  the 
graduate  not  only  with  a  thorough  knowledge  of  the  principles  and 
practice  of  chemistry  in  all  its  branches,  but  with  such  a  broad  and 
liberal  education  in  the  collateral  sciences  as  will  prepare  him  for  every 
demand  that  will  be  likely  to  be  made  upon  him  in  connection  with  his 
profession  or  in  the  pursuit  of  investigation. 


FIRST  YEAR 
See  page  28 


SECOND  YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

2 

3 
3 
5 

5 

18 

Lal/y 
12 

3 

2 

17 

72 
75 
73 
90 
105 
no 
iog 

Chemistry  41 
Chemistry  81 
Chemistry  163 
Mathematics  65 
Mineralogy  15 
Physics  5 
Phys.  Educ.  B 

Elementary  Organic-Lecture  Course 

Industrial  Chemistry 

Quantitative  Analysis 

Differential  and  Integral  Calculus 

Determinative  Mineralogy 

Electricity 

Gymnasium 

Total.. 

Second  Half  Year 

72 
75 
73 
83 
no 
105 
log 

Chemistry  42 
Chemistry  82 
Chemistry  164 
Elect.  Eng.  2 
Mechanics  102 
Mineralogy  16 
Phys.  Educ.  B 

Elementary  Organic— Lecture  Course 

Industrial  Chemistry 

Quantitative  Analysis 

Elements  of  Dynamo 

Analytical  Mechanics 

Determinative  Mineralogy 

Gymnasium 

2 
3 
3 
2 
5 

15 

12 

3 
2 

17 

SUMME 

R  WORK  :  Chemistry  80a— Memoir. 
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THIRD  YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

75 
70 
7i 
74 
74 
76 

Chemistry  83 
Chemistry  101 
Chemistry  121 
Chemistry  171 
Chemistry  175 
Chemistry  183 

Industrial  Chemistry 

Advanced  Inorganic 

Physical  Chemistry 

Organic  Analysis 

Food  Analysis 

Industrial  Electrochemistry 

Total.. 

3 
2 

3 
2 
2 
2 

3 
6 
6 
3 

18 

Second  Half  Year 

73 
75 
70 
7i 
104 
105 

Chemistry  84 
Chemistry  88 
Chemistry  102 
Chemistry  122 
Metallurgy  182 
Mineralogy  10 

Food  Chemistry 

Industrial— Laboratory  Course 

Advanced  Inorganic  Chemistry 

Physical  Chemistry 

Assaying 

Mineralogy  and  Crystallography 

Total.. 

3 

2 
3 
2 

2 

12 

9 

6 
3 

18 

SUMME 

R  WORK  :  Chemistry  80b— Memoir. 

FOURTH  YEAR 


First  Half  Year 

Chemistry  23 

Physical  Chemistry               )  Electives, 

72 

Chemistry  143 

Organic  Chemistry                Vtwo  to  be 

4 

73 

Chemistry  167 

Adv.  Inorg.  Anal.  Chem.      )      taken. 

75 

Chemistry  8g 

Industrial  Chemistry— Lab.  Practice 

3 

72 

Chemistry  141 

Organic  Chemistry— Advanced  Course 

3 

72 

Chemistry,  43M 

Organic  Chemistry — Lab. 

12 

100 

Metallurgy    101, 

in 

Introduction  and  Metal'gy  of  Copper 

3 

IOI 

Metallurgy  131 

Iron  and  Steel 

Total . . 

1 

11 

15 

Second  Half  Year 

72 

Chemistry  142 

Organic  Chemistry— Advanced  Course 

3 

IOI 

Metallurgy  122 
Thesis— 

Lead,  Silver,  Gold  and  Zinc 

3 

71 

Chemistry  126 

Physical  Chemistry                J  Electives, 

72 

Chemistry  144 

Organic  Chemistry                  Vtwo  to  be 

4 

73 

Chemistry  168 

Adv. Inorg. Anal. Chemistry  )     taken. 

Chemistry  206 

Inorganic  Chem.:  Research— or       * 

7i 

Chemistry  222 

Physical  Chem.:  Research— or          J 

72 

Chemistry  242 

Organic  Chem.:  Research  — or           f 

15 

73 

Chemistry  262 

Analytical  Chem.:  Research— or      f 

74 

Chemistry  272 

Food  Chem.:  Research— or                 1 

76 

Chemistry  282 

Electro  Chem.:  Research— or 

Total.. 

10 

15 
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COURSES    OF    INSTRUCTION 
Arranged  Alphabetically  by  Departments 

ASTRONOMY 
105-Geodesy.    3  hours.     Professor  S.  A.  Mitchell. 

and  use.     XtaStSfw^^  their  adjustment 

106-Geodesy.     1   hour  and   1  laboratory  period.     Professor  S    A 
Mitchell. 

meta}^^ 

io7s-Geodetic  Surveying.    Professors  Jacoby  and  S.  A.  Mitchell 

with  Assistants. 

•Ts^avafSJsrssLSs  5  arts*-* ""*■  °~ 

BOTANY 

7-Growth  and   Character   of  Timber.     ,   hour  and   1   afternoon. 
Professor  Curtis  and  Dr.  Darling 

Second  year  for   Civil  Engineering  students. 

CHEMISTRY 

ofTluJflV^ng  £TSfS   J!?  ,9emistry  are   indL'ded  ^   the  programs 
of  study  of  the  Schools  of  Mines,  Engineering  and  Chemistry      For 

aZisCt°ry!SeS  SeC    the    AnH0Uncewent    of    the    D&n    Jf 

Inorganic  Chemistry 
3,    61    or    4,    62— General    Chemistry   and    Qualitative    Analysis. 

5  hours   class-room  and  5  afternoons  laboratory.     Professor  Beans, 
Mr.  Lombard,  Dr.  Barry  and  Instructors. 

n/nnlf^!9  ch.emistlT  in  advance  of  entrance  chemistry  and  the  theory  and  practice 
of  quahtative ;  morga mc  analyse  based  upon  the  principles  of  modem^cheSifS 
J^re-requisite.    Chemistry  A  or   Entrance   Chemistry. 

101-102-Advanced  Inorganic  Chemistry.    2  lectures.    Undergrad- 
uate section.     Dr   

-,JSS£iGS^*J^ari^f  -  -  -  — • 
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Summer  Courses 


For  details,  see  the  Announcement  of  the  Summer  Session. 

sA— General  Chemistry.  Elementary  course  for  students  beginning 
the  study  of  chemistry.  10  hours  classroom  and  12  hours  laboratory 
work  per  week.     Dr.  Moore. 

S3c-4c — Inorganic  Chemistry.  Sequel  to  entrance  chemistry.  10 
hours  classroom  and  25  hours  laboratory  per  week.     Mr.  Lombard. 

s6i— Qualitative  Analysis.  10  hours  lectures  and  conferences, 
and  30  hours  laboratory  work  a  week.    Professor  Beans  and  Assistant. 

Extension    Teaching,  Evening   Courses 
For  details  see  the  Announcement  of  Extension  Teaching. 
eA— General  Chemistry.    2  lectures,  1  recitation  and  2  hours  labora- 
tory practice,   counting  as  4  points.     Dr.   Neish. 


Physical  Chemistry 

121-122— Physical  Chemistry.  3  hours  lectures  and  recitations 
during  the  entire  year,  and  15  afternoons,  equivalent  to  1  afternoon  a 
week,  laboratory  during  the  first  or  second  half-year.  Professor 
Morgan  and  Assistant. 

A  course  treating  of  the  states  of  aggregation,  solution,  and  ions  in  analytical 
chemistry,  thermo-chemistry,  chemical  mechanics,  and  electro-chemistry.  lext- 
books:  Morgan's  Elements  of  Physical  Chemistry,  and  Ostwald  s  Physico-chemical 
Measurements. 

Pre-requisite :     Course  3  or  4  and  61    or   62,   Physics  3-4-5  and  Mathematics 
64-65. 
125-126— Physical  Chemistry.     2  hours   in  lectures  or  conferences 
throughout  the  year.     Professor  Morgan. 

Designed  for  four-year  students  in  the  course  of  chemistry,  selecting  a  thesis 
in   physical  chemistry. 

222— Physical     Chemistry— Research.      5    afternoons    during^   the 

second  half  year,    for  students  taking  a  thesis   in   physical  chemistry. 

Professor  Morgan. 


Summer  Courses 

For  details,  see  the  Announcement  of  the  Summer  Session. 

S138— Elementary  Physical  Chemistry.  5  hours.  Professor 
Morgan. 

Research.  The  laboratory  is  open  to  properly  qualified  students  for 
research  under  the  direction  of  Professor  Morgan. 


ours. 
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Organic   Chemistry 

atory  work,  Cour«  43M,  bcTk'n  wfAis'coms"?"1  '"="•   «  P°-ib1e,  labor- 

^feSr^^SSr^  F^*""     Laborato^     Course. 

41f-^U,te!  Co,,™  3  or  4  an,  „  or  6,    Pre.req„isi(e  or  ^  ^ 

forP^?r^cCs^STAdvanced  Course.    3  .ectures  a  week 

parane.XT'    <*-■  3   «    «■    «*    «1    or   62,    4,-42,   and    Prerenal    or 

Boc4E3;TI44~°rganic  "t-  *— —  2  „our,  Professor 

or^Scencfetraynd    "—-    *   — I    important   inves.feMons   in    ,he   ne,d    of 

■JEMNSSSS    %.<%S2S?J&»**     Students. 
«&1^BSfcpS»^±^|S^&Wereae.totMr 

*&3^SL£nLfiS  °r    "S   eqUiVa,ent      *•*•*    of  a,.   .bird-year 

^-Organic  Chemistry,  Research.    5  afternoons  during  the  second 
Bo'rr         ^         tS  tak,'ng  a  ",eSiS  !n  0rga"ic  ^emistry"  Profesor 

Summer   Courses 
For  details,  see  Announcement  of  the  Summer  Session 

Br4F^?rgfl  Chemist^  Elementary  Lecture  Course,   ro  hours 
Dr.  Fisher  and  Assistant.     Equivalent  to  41-42. 

AsSr°4nrisc5^;t^rr7  course- Dr- "—  ** 
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Analytical  Chemistry 

In  courses  66  and  163-164  the  student  must  provide  himself  with  a 
platinum  crucible. 

65-Quantitative  Analysis,  Inorganic,  Short  Course.    2  hours  and 
2  afternoons.     Professors  Metzgf.r  and   Dr.   McKirahan 
co^l^  Potassiu,  alum, 

Prerequisite;  Courses  3  or  4  and  61  or  62 

66-Quantitative  Analysis,  Inorganic.     3  hours  and  4  afternoons. 
Professor  Metzgee  and  Messrs.  Bender,  Isham  and  McKirahan 

Pre-requisite:  Courses  3  or  4  and  61  or  62. 

163-164-Quantitative  Analysis.     163-3    hours    and    4    afternoons. 
Professor  Metzger  and  Messrs.  Bender  and  Isha»t 

167.168-Advanced  Inorganic  Analysis.  2  hours.     Professor  Metz- 


ger. 


in^the'VTrf  eVSSs°f  ^  Separation  and  determination  of  the  elements,  includ- 
Pre-requis.te  or  parallel:     Chemistry  101-102.   121-122    163-164 

262— Analytical  Chemistry,  Research.  5  afternoons"  during  the 
second  half  year  for  students  in  the  course  of  Chemistry,  who  elect 
thesis  work  in   inorganic  analytical   chemistry.     Professor   Metzger. 

Summer  Courses 

For  details  see  the  Announcement  of  the  Summer  Session. 

s66— Quantitative  Analysis.  5  lectures  and  30  hours  laboratory 
work  weekly.     Mr.  Bender  and  Assistant. 

S164— Quantitative  Analysis,  Advanced.  5  lectures  and  30  hours 
laboratory  work  weekly.    Mr.  Bender  and  Assistant. 


Food   Chemistry 
84— Food  Chemistry.     3  hours.     Professor  Sherman. 

rer!nnWnerai  pn'"cip,esr  °f  food  chemistry  and  food  legislation  and  the  chemical 
™2 I  gT  ?d  C°^-lr,01  °J  the  more  imP°rtant  ^od  industries;  milk  and  its  products; 
meat  products;  edible  fats  and  oils;  grain  products;  starch,  glucose,  sugar;  fruit 
products;    fermentation;    etc.  *     ' 

Pre-requisite:  Chemistry  3  or  4  and  81-82  or  41-42. 
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171— Organic  Analysis.  2  hours  and  2  afternoons.  Professor 
Sherman  and  Mr.  Thomas. 

The  lectures  include  general  and  industrial  organic  analysis,  fertilizer  analysis 
and  inspection,  examination  of  drinking  water.  Special  attention  is  given  to  the 
interpretation  of  the  analytical  results.  Text-books:  Sherman's  Methods  of 
Organic  Analysis  and  Mason's  Examination   of    Water. 

'I  he  analyses  included  in  this  course  are:  Acidimetry  and  alkalimetry,  alcohol, 
sugars,  lubricating  and  other  industrial  oils,  soap,  fertilizers,  and  the  sanitary 
analysis  of  water.  ' 

Pre-requisite:      Chemistry  41-42   and   161-162. 

175— Food  Analysis.  2  hours  and  2  afternoons.  Professor 
Sherman  and  Mr.  Thomas. 

The  class-room   work  of  this  course  includes   a  discussion  of  the   descriptive  an 
tnalytical   chemistry  of  the   principal   constituents  of   foods,   and   some  of  the   mor 


ore 


important  enzymes  connected  with  the  utilization  of  foods,  as  well  as  the  analvsis 
of  commercial  food  products.  Special  attention  is  given  to  the  interpretation  of 
the  results  of  food  analysis  in  relation  to  official  standards  of  composition  and 
purity.      Text-book:     Sherman's  Methods  of  Organic  Analysis 

*   ff      a"aJyses'nc[uded   in   this  course   are:      Sugars,   starches,   cereals   and   bread- 
stuns,   edible   oils,   butter,  milk,   and   food  preservatives 
Prerequisite:     Chemistry  41-42  and    161-162. 

1  2J2— Food  Chemistry,  Research.  5  afternoons  during  the  second 
half-year  for  students  taking  a  thesis  in  Food  Chemistry.  Professor 
Sherman. 

Summer  Courses 

For  details,  see  the  Announcement  of  the  Summer  Session. 

si75— Food  Analysis.    Professor  Sherman  and  Mr.  Thomas. 

S176— Chemistry    of    Food    and    Nutrition.     3    hours.      Professor 
Sherman.     (Will  be  accepted  as  equivalent  to  Chemistry  84.) 

Research.     The  laboratory  is  open  to  properly  qualified  students  for 
research,   in   organic   analytical    chemistry   or    the  chemistry   of   foods, 
under  the  direction  of  Professor  Sherman. 
Sanitary  Analysis 

76— Microscopical  Analysis.  Laboratory  and  conference,  2  hours 
a  week  during  February  and  March.   Mr.  

Construction,  use  and  care  of  the  microscope.      Examination  and  identification  of 
common   fibres,   starches,   spices,   yeasts   and    other    objects  of   economic   importance. 
Common    adulterants.      Measurement   of  sand   grains,   micro-organisms,   etc. 
Pre-requisite:    Chemistry   65. 

78— Sanitary  Biological  Analysis.  2  hours  and  1  afternoon  labora- 
tory a  week,  for  first  term.    Mr.  

General  principles  of  biology,  biological  activity-function,  metabolism,  symbiosis, 
etc  ;  special  biology-unicellular  animals  and  plants— causes  of  tastes,  odors,  and 
turbidity  in  drinking  water. 

Pre-requisite:   Chemistry  65,  76. 

79— Sanitary  Bacteriological  Analysis.  2  hours  lectures  and  2  after- 
noons laboratory  work,  first  half-year.     Mr.   

Practical  instruction  in  bacteriology  and  hygiene.  A  short  course  for  sanitary 
engineering  students. 

Pre-requisite:    Chemistry  65,   76. 

179— Analysis  of  Water  and  Sewage.  2  afternoons,  first  term. 
Mr.  

Physical,  chemical,   microscopical  and  bacteriological  methods. 

180— Sanitary  Analysis.  Advanced  methods  and  special  problems. 
Second   term,   2   afternoons.    Mr.   
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Industrial  Chemistry 

81-82— Industrial  Chemistry,  General.    3  hours  lectures.     Professor 
Whitaker,   Mr.   Murphy  and  Instructor. 

trte^JSSh?  ^'tlfeV  sulphur*c  acid:  "itric  acid;  hydrochloric  acid;  alkali  indus- 
tries potash,  artificial  gases  and  natural  gas;  petroleum  and  its  products;  cement ■ 
terials.  varnishes«    soaPsJ    ceramics;    glass;    explosives;    fuels;    KSctuSTX 

Pre-requisite:     Courses  Chemistry   3    or   4  and   61    or  62. 

83 — Industrial  Chemistry,   Advanced   Course.     3  hours.     

Textile;    tanning;    glue    and    gums;    India    rubber    and    plastics;    celluloid;    arti- 
ficial   fibers;    paints,    oils,    varnishes;    paper;    photography,    etc. 

Pre-requisite:   Courses  Chemistry  3  or  4  and  81-82  or  41-42. 

88— Industrial    Chemistry,    Laboratory    Practice.      3    afternoons. 
Professor  Whitaker,   Mr.   Murphy   and  Instructor. 

Fourth-year   students   in    Chemical   Engineering. 

89— Industrial   Chemistry,  Textile  and  Dye  Chemistry.     1  after- 


noon. 


Special    applications:    Textile    industry,    vegetable    and    animal    fibres,    bleaching 
dyeing,  and  calico  printing.     Including  instruction  in  the  use  of  the  microscope. 
Pre-requisite:     Course  3   or  4,   41    or   42. 

197— Chemical  Factory  Apparatus  and  Machines.  5  hours.  Pro- 
fessors Whitaker  and  Thomas. 

factorfeT^   ^  construction  and  use  of  the   apparatus  and  machinery  of  chemical 

198— Chemical  Factory  Management.  3  hours.  Professor  Whit- 
aker. 

Relations  of  the  chemist  to  the  various  phases  of  making  and  marketing 
chemical  products.  Sales  organization  and  methods;  transportation  of  products 
and  materials;  purchase  of  supplies;  warehousing  and  stocks;  manufacturing  organi- 
zation; equipment;  process;  operation;  cost  keeping  and  accounting;  process  im- 
provements; product  improvements:  factory  economics;  labor;  insurance;  fire  and 
accident  protection;   finance;   administration. 

80a— Factory  Inspection  and  Summer  Memoir.  Professor  Whit- 
aker,  Mr.  Murphy  and  Instructor. 

.Vising  and  inspection  of  chemical  works  of  special  interest  in  and  near  New 
York  City,  such  as  gas  works,  petroleum  refineries,  paint  and  varnish  factories, 
soap   and  candle  works,    and  plants   for  the   purification   of   water   and  sewage. 

Required  of  all  second-year  students  in  the  courses  of  chemistry  and  chemical 
engineering.  The  visits  to  factories  are  made  during  the  weeks  following  the 
final  examinations. 

80b— Summer  Factory  Excursion  V/ork  and  Report.  Professor 
Whitaker  and  Instructors. 

Two  weeks  is  devoted  to  a  study  of  industrial  plants  in  New  York  and  neigh- 
boring cities.  Students  will  also  be  required  to  work  at  least  six  weeks  in  a 
chemical  factory  or  laboratory  or  in  some  position  approved  by  the  instructor. 
Full  report  on  this  requirement  will  be  made  to  the  instructors  at  the  conclusion 
of  the  work. 

Summer  Courses 
For  details,  see  the  Announcement  of  the  Summer  Session. 
s8i — Industrial    Chemistry,    General.     5    lectures   per   week.      Mr. 

ISHAM. 

Electro-Chemistry 
181-182 — Practical  Electro-Chemistry.  10  hours.   Professor  Tucker. 

Electroplating,  influential  factors  in  electrolysis,  the  use  of  diaphragms,  elec- 
trolysis   of    fused    salts,    electrolytic   preparations,    metal    refining,    electric    furnace 
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pPerraaCt^res.and    preparation   of   cai™es,    ^des,    etc.,    measurement  of    high   tern- 
Pre-requisite:    Courses  3  or  4,  61  or  62,  65. 

183-184-Industrial  Electro-Chemistry.   2  hours  and  14  afternoons. 
Professor  Tucker. 

Pre-requisite:    3  or  4,  65. 

282— Electro-Chemistry,  Research.    5  afternoons  during  the  second 
Tucker      °r  StlK,entS  t3kmg  a  thesis  in  electro-chemistry8    Professor 
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2-Theory  of  Surveying.  Lectures  and  recitations,  2  hours  Pro- 
fessor Lovell,  Mr.  Finch  and  Assistants. 

er%££d£r^r%^U£nd^<%-      Cumulative    and    compensating 
lor  all  hrst-year  students  in   Chemistry. 

15-Surveying  between  the  First  and  Second  Years.  Field  work 
and  office  work.  5  weeks.  4  surveys.  Professor  Lovell,  Mr.  Finch 
and   Assistants. 

Survey  /includes  pacing  and  chaining,  ranging  out  lines    rnntmirin<r  ,,,,'n,  u~„a 

H5«tn«/.2e    k  •  p"    ,Sl*rvey  4  consists  of  repetition  traverse  of  a  closed  field 

nerl^rf    *£"?    m.eas"red    by    steel    tape   corrected    for    catenary     pull     and    tem- 
?re-rSS:?n  magnCtic    decHnation    ^  observatioS   on    fcofaris. 

21— Highway  Engineering.    2  hours.     Professor  Lovell. 

Prolan  £nnStanC!^STr?eS7?n,  constirilctjonvmaintenance  and  rePair,  of  Dirt,  Gravel 
anH    rran-t  C  ^nd   Miscellaneous  Roads-Street  Location-City  pavements— Beffi 

Driin?S  tSS'i„BnCkp  fAsphalt  an/  W<!oden  E'^k-Foundations-Grades- 
urainage,    Specifications.     Reference  and  text-books:   Roads  and  Pavements,   Baker. 

23-Theory  of  Railroad  Surveying.  2  hours  and  1  afternoon.  Pro- 
fessor Lovell  and  Mr.  Finch. 

iJ££1tit&n^c£rt?v*£.  "  Mim'ng  EnPneerin*.  —ring  the  same  sub- 
Pre-requisite:    15. 

25— Surveying  between  the  Second  and  Third  Years.  Field  work 
and  office  work.  5  weeks.  5  surveys.  Professor  Lovell,  Mr.  Finch 
and  Assistants. 

orSl7?«5  C°nS'St!  °J  rUTlfmS  a  Une  of  levels  for  a  water  main  or  sewer,  plotting 
with  n'l/r,.  r^^PUtTtl0n  of  "ovation..  Survey  2  consists  of  a  topograph  c  survey 
with   plane   table.      Intersection,    re-section,   and   traverse    methods   to   be   used,   and 
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™&.&6kknd™Zy  LC°MiStS  ,°f  a  toP?8™pWc  survey  with  transit  and  stadia; 
h  ,0,2  vif;  ™  optional  course  in  photographic  surveying  may  be  offered 
Lrdei  2tL  1^  S°'ar  observations  with  transit  and  solar  compass 
ior   tne   determination   of   the   true   meridian    and   magnetic   declination       Survev    *a 

S&srayfcas?*  &ss  dirio5  .of  'f-nd  ini°  h biocks  ^s^bSsssA 

If   .»"  V    •    .  locat'?n  of  ,the  ?treet  and   Iot  llnes;   grade  lines   for  streets  and  wades 

rfM^ntn.,-nnterfeCt,0nS\-l0CaV0n  and   ****   of  sewL'rs;    including   map    profile    and 

Si   .n  u    excavatlon,for    street    opening   and    sewer    line.      Relocation    of  Tot 

nes   and  problems  in   surplus  and   deficiency,    map    showing    property    with    record 

anpreereTuisCi;e:Cnil:  atl°"  °f  **"   f°r  buildin*9'  bridge  "abutments,  etc? 

26— Surveying  between  the  Third  and  Fourth  Years.  Hydro- 
graphic  Survey.  Field  and  office  work,  2  weeks.  Professor  Lovell, 
Mr.  Finch  and  Assistants. 

n^^ny  X^  'T  ACTiunCtiT  with  Geodetic  Survey  (total  time  S  weeks,  see 
page  70,  Dept.  of  Astronomy),  which  furnishes  main  triangulation  net  for  topo- 
graphic  and  hydrographic  control  Hydrographic  survey  consists  of  auxiliary  ri- 
angulation     topography    on    shore   by    stadia,    soundings,    observations   on    outlet   by 

t?nn  ,vl^  "ic  °r /1VCr  d's.ch,arge'  adjustment  of  angles,  computation  of  triangula- 
tion system,  also  of  river  discharge,  map  and  report. 

Pre-requisite:    25. 

27— Surveying  between  the  Second  and  Third  Years.  Field  work 
and  office  work.  5  weeks.  5  surveys.  Professor  Lovell,  Mr.  Finch 
and  Assistants. 

Same  as  C.  E.  25  except  Survey  50  is  omitted  and  Survey  5b  is  added.  Survey 
Sb  consists  of  the  location  of  a  mining  claim  1,500  feet  long  by  300  feet  wide  in 
conflict  with  existing  claims,  and  the  determination  of  the  areas  in  conflict.  The 
claim  is  located  upon  an  outcrop  of  assumed  dip  and  strike,  in  such  a  manner  as  to 
keep  the  center  line  close  to  the  outcrop.  Reports  and  maps. 
Pre-requisite:    15. 

28— Surveying  between  the  Second  and  Third  Years.  Field  work 
and  office  work.    3  weeks.    Professor  Lovell,  Mr.  Finch  and  Assistants. 

Railroad  surveying — Reconnaissance — Preliminary  survey — Location — Cross-sec- 
tioning—Computation — Economic  comparisons  from  construction  and  operating 
standpoints — A  comnlete  survey  for  the  location  of  a  line  two  to  five  miles  long  is 
made,  with  all  the  attendant  computations  requisite  for  placing  the  work  under 
contract.  Maps,  plans,  profiles,  calculations  of  earthworks,  estimates  and  specifica- 
tions. Daily  conferences  with  instructor  in  charge  of  party. 
Prerequisite:    23,  27. 

51-52 — Theory  of  Railroad  Surveying.  2  hours  and  1  afternoon, 
first  half-year,  and  3  hours  and  1  afternoon  second  half-year.  Professor 
Lovell  and  Mr.  Finch. 

Simple,  compound,  and  reversed  curves — Transition  curves — Switch  work — 
Cross-section  work — Earthwork  computations — Cost  of  earthwork;  cut  and  fill — 
Borrow — Waste  and  overhaul — Office  work;  Profile  with  mass  curve  showing  proper 
distribution  of  excavation.  Lectures  and  practical  problems.  Reference  books: 
Searle's  Field  Engineering  and  Crandall's  Transition  Curve  and  Earthwork. 
Pre-requisite:    15. 

53-54 — Elasticity  and  Resistance  of  the  Materials  of  Engineering. 
5  hours  lectures  and  recitations  first  half.  6  hours  first  half-year  of 
problem,  design  and  laboratory  work;  3  hours  second  half.  Professors 
Burr  and  Norsworthy,  Mr.  MacGregor  and  Mr. . 

Laws  of  elasticity  in  homogeneous  materials — Coefficients  of  elasticity — Relations 
between  stresses  and  strains — Common  and  exact  theories  of  torsion  and  flexure — 
Elastic  limits,  working  stresses,  and  ultimate  resistances  of  wrought  iron,  cast  iron, 
steel,  alloys,  timbers,  building-stones,  cement,  concrete,  and  masonry — Reinforced 
concrete    construction — Complete    treatment   of  simple   and   continuous   beams — The 
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Pre-requisite:    Mechanics  102. 

57a-Statistics  and  Interpretation  of  Water  Analyses.    20  lectures 

o™^^^Z^^£a^{^  Statistics'  «■**•  identification 

water    and    milk    supplies,    sewerage    systems     SSStM  'STS?"  ™  affec£d  by 
Interpretation  of  complete  water  analyses  lnduStnaI    and    economic    conditions. 

57b-Drainage  of  Marshes  and  Lowlands.    A  course  of  10  lectures 

Mosquitos,  habits,  breeding,  methods  of  extermination.     Malaria,  yellow  fever 
CiSeEenqgSreinafV0UrSeS  67°  and  5?b  ™  Zool°^  7'  Bacteriology  101,  and 

58-Masonry  Structures.  3  hours  and  1  afternoon  with  frequent 
conferences  and  continuous  work  in  design.  Cement  and  mortar  testing 
in  the  cement-testing  laboratory  are  required  of  all  students  Pro- 
fessor NORS  WORTHY. 

wSSffhiSS?  oafb,mSngnrP°Wfr    ?f    «■**— **■»«»    and    construction    of    retaining 

Pre-requisite:     Mechanics  102,  Mineralogy  5. 
59-Sanitary  Engineering.     2  hours  and  2  afternoons  in  January  in 
Bacteriological  Laboratory.     Professor  Jackson 


intermittent    sancf   nltration^SepYic  ^^ 

Hon     fle?mCnt   5°r   sPec,al   waters-Design   of  sand   filter  'for   water   puHfica 

Hazen;   Purification   of  Sewage,  Kinnicut,   Winslow  and   Pratt  applies, 

Pre-requisite:     Chemistry    82. 

61— Analytical  Theory  of  Trusses.  2  hours  and  1  afternoon,  with 
frequent  conferences  and  problems  in  computations  of  stresses  and 
preparation    of  stress   sheets.     Professor   Norsworthy. 

.w/c  tri"SS   ,elem«nt— Simple   cantilever   and    non-continuous    trusses    with    parallel 

tem  ofTinrStrnfdHm°V,"g  1°adr-Jhrough  and  deck  spans-Positions  of  aEysys- 

^both^SM^mnZmni  lifl5  rr  £eat5St  Chr°rd  and  web  strcsses  when  chords 
are  Doth  parallel  and  non-parallel— Combination  of  moments  and  graphic  methods— 

Srararhd^irH^laV7SSeS-Ap5liciltio,n8  \°  h£d«*  a"d  roof  trussges-BraCed  arche. 
and  arched  nbs.     Reference  and  text-book:  Burr  and  Falk's  Metallic  Bridges. 

Pre-requisite:     Mechanics    102. 

62— Graphic  Statics.  2  hours  and  1  afternoon.  Professor  Nors- 
worthy. 

fall  SSSS  «?  iSl1  Engineering— Equilibrium  polygon,  and  polygonal  frames 
ntin,,  n^c  J0?7GrapIfal  representations  of  shears  and  moments  for  both 
itinuous  and  continuous  beams— Fixed  and  moving  loads— Lines  of  influence 


for  all 
non-conti 
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—Applications  to  bridge  and  roof  trusses.  Reference  and  text-book:  Burr  and 
Falk  s  Influence  Lines. 

Pre-requisite:      Mechanics    102. 
64— Graphic  Statics.     1   hour  and  1  afternoon  for  mining  engineers 
and  metallurgist.     Professor  Norsworthy. 

An  abridged  course,  covering  the  subjects  taken  in  Course  62. 
Pre-requisite:     Mechanics    102. 

71— Surveying  between  the  Third  and  Fourth  Years.  Field  work 
and  office  work.    4  weeks.    Professor  Lovell,  Mr.  Finch  and  Assistants. 

Railroad  Surveying — Reconnaissance— Preliminary  survey— Location— Cross-sec- 
tioning— Computations — Economic  comparisons  from  construction  and  operation 
standpoints — A  complete  survey  for  the  location  of  a  line  two  to  five  miles  long  is 
made,  with  all  the  attendant  computations  requisite  for  placing  the  work  under 
contract.  Maps,  plans,  profiles,  earthwork  quantities,  estimates  and  specifications. 
Daily  conferences  with  instructor  in  charge  of  party. 
Pre-requisite:    51-52  and  25. 

75 — Hydraulics.  3  hours,  with  conferences  and  problems.  Mr. 
Finch. 

Hydrostatics— Laws    of    hydraulics — Measurement    of    head,    pressure    and    flow 

Gages — Manometers — Venturi  meter — Current  meter — Flow  through  orifices — 
Weirs,  use,  construction  and  discharge — Flow  and  discharge  of  pipes — Compound 
Pipes  and  branches — Flow  in  and  discharge  of  open  channels — Canal  design — Stream 

gaging   by   current   meter,    floats,    etc. — Graphical    solution   of   hydraulic    problems 

Backwater — Elements  of  flow  of  compressible  fluids.  Text-book:  Merriman's 
Hydraulics. 

Pre-requisite:    Mechanics  102,  Math.  64-65. 

76 — Hydraulics.    2  hours.     Mr.  Finch. 

For  students  in   Chemical  and  Mining  Engineering — Course  75  abridged. 
Pre-requisite:    Mechanics  102,  Math.  64-65. 

77 — Hydraulics.     2  hours.     Mr.  Finch. 

For  students  in  Electrical  Engineering — Similar  to  Course  75,  but  shorter.  In 
addition  it  deals  with  the  general  considerations  of  rainfall,  evaporation,  percola- 
tion, run-off,  net  yield  and  storage;  conduction  of  water  from  source  to  power- 
house, hydraulic  losses  and  effective  head  on  wheel;  estimation  of  power.  Text- 
book: Merriman's  Hydraulics.  Reference  book:  Turneaure  and  Russell's  Public 
Water  Supplies. 

Pre-requisite:    Mechanics   102,  Math.   64-65. 

78— -Hydraulics.     2  hours.     Mr.  Finch. 

For  students  in  Metallurgical  and  Mechanical   Engineering — Same  as  76. 
Pre-requisite:   Mechanics  102,   Math.   64-65. 

85 — Foundations.  2  hours,  with  frequent  conferences  and  work  in 
design.     Professor  Burr. 

Earth  foundations — Foundations  for  buildings — Safe  loads  on  masonry  and  foun- 
dation beds — Pile  driving  and  pile  foundations — Safe  loads  for  piles — Protection 
and  preservation  of  piles  and  timber — Sheet  piling  and  coffer-dam  methods — 
Pneumatic  foundations  and  caisson  work — Open  dredging — Bridge  piers  of  masonry 
and  cylinders — Piers  for  deep  foundations — Methods  of  working  in  quicksands — 
Tunneling.  Reference  books:  Patton's  Foundations  and  Baker's  Masonry  and 
Foundations. 

Pre-requisite:     58,    Geology    18. 

87-88— The  Design  and  Construction  of  Bridges,  Roofs,  and 
Buildings.  2  hours  and  1  afternoon,  with  frequent  conferences  and 
continuous  work  in  design.     Professors  Burr  and  Norsworthy. 

Railway  and  highway  bridges — Pin  and  riveted  connections — Single  and  multiple 
system  of  bracing — The  design  of  details  for  bridges,  roofs,  and  buildings — Floors 
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Wind  roads  and  stresses-Stifle  and  do,  h£  machinery-Cantilever  structures- 
steel,  and  timber-Lateral  and I  transverse ^  k  VJaCLUCtS-  or  Nestles  in  iron, 
construction    of    elevated    rail^adJ^  design    and 

wnh   estimates  of  cost— The    erection   of iro,      steel     ,„T    £      ra,lway    stru^ures, 
ing  the  cost   of  erection.      First   half-year  oi'vnr'^J  t,mber  .structur«.    includ- 
and  text-books:  Burr  and   Falk's  Influence  UnL-R^J^7^^^/^      Reference 
Pre-requisite:    53-54,  61-62  '  -Bui r  and  Falk's  Metallic  Bridges. 

89-9o-Railroad  Engineering.  3  hours  and  2  afternoons  for  con- 
ferences and  design  work.     Professor  Lovell  and  Mr    Finch 

valt-CrVature^and'rracle's'  Sg^SE^  7*!™**  s—  and  probable 
Effect  of  momentum-Keductio  of  t^Jl  I?  I^ty  3"d  "»*»»«»  train-load- 
for  unequal  traffic-Study  of  annual  reoor^s  SKS*-  P°,nts-B^ance  of  grades 
Cost  of  operating,  includYng  ma^teAanc?  STtaK ^SL&JSF'&l  expenses- 
costs  and  percentage  to  total  cost— Ca*t  nPf  .!  mile— Itemized  statements  of 
fall,  or  of  additionll  trains-Effec  of  roadbed  on  £2*"**'  CUrvature..  "*  and 
fiable    expenditure    in    construct  on    t .save    one  Zi£°S*t  °f    running-   trains— Justi- 

Development  and  present  iXSK in  bwi-  ■  '  ?rP  sw,tJch.es  and  ladder  tracks- 
lems  in"  design  .„P  Sffol  cost  of  SSSSSS^oSS^^  V*  Pr°b" 
earthwork— Graduation  cross  section  in  I  ins"!lat,°»— Classification  and  cost  of 
tion  of  slopes— Ordi^v  and  extrSin^r^Xf'T  *?**.  e!llbankment,  and  protec 
quality,  stoS^T  iTLKt£8S8£"7f  sUndlrH*  d,a'>'age-Water  supply,  its 
including    ballast— Track    anH    tra-l    ^  •  .sta"dard    maintenance    of    way    plans, 

mee   nooks:* Wellington? tf^l  a^^rS^^zatI?n-Managemenit. 

>nd — American  Ra 

p's   A^orej   on    Tra 

Prerequisite:    71. 

94-The  Design  and  Construction  of  Sewers,  and  River  and 
Harbor  Improvements.  2  hours  lectures,  recitations,  problem  and 
design  work.     Professor  Nors worthy 

Pre-requisite:    26,  59,  75. 

96— Principles  of  Hygiene,  Sanitary  Science  and  Public  Health 
3  hours. 

C.PEe"59^1Slte:     Qvil  EnSineerinS  57a  and  57&,   Zoology   7,  Bateriology  101, 

97— Water  Supply,  Water  Power  and  Irrigation.    3  hours  lectures 
recitations,  problem  and  design  work.     Mr   Finch 

Kivei    and  lake  intakes— Underground   flow  and   wells— Gravity   sunnlies— Storage 
of  water-Elements  of  design-Reservoirs-Headworks-Canals  and  numes-Applica' 


rrp-rpniinjtro-      71  6* 
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tion   of   water.     Reference  books:   Public   Water  Supplies,  Turneaure  and   Russell 
— Water  Poivcr  Engineering,  Mead — Irrigation  Engineering,  Wilson. 
Prerequisite:    20,  59,  75. 

99-100— Graduation  Thesis.  A  project  or  thesis  on  some  civil 
engineering  subject,  approved  by  the  head  of  the  department,  is  re- 
quired of  every  candidate  for  the  degree  of  Civil  Engineer. 

Advanced   Courses 

The  advanced  courses  in  the  department  of  Civil  Engineering  qualify- 
ing for  the  University  degrees  of  Master  of  Arts  and  Doctor  of 
Philosophy  (those  courses  which  fulfill  the  residence  requirements)  are 
the  following: 

I53-I54 — Elasticity  and  Resistance  of  Materials.    Half  course. 

257-258 — Elastic  and  Masonry  Arches.  Open  to  those  who  have 
taken  57-58.  Conferences,  reading  and  design  work,  as  required.  Half 
course. 

275-276 — Hydraulics  (75  with  additional  reading).    Half  course. 

285-286 — Foundations,  including  theory  of  earth  pressure  (85  with 
additional    reading).      Half   course. 

287-288— Long  Span  Bridges.  Open  to  those  who  have  taken  Civil 
Engineering  87-88.  Conferences,  with  reading  and  design  work  as 
required.    Half  course. 

291-292 — Railroad  Location:  advanced  work  in  the  Economics  of 
Railroad  Location,  including  a  study  of  railroad  operation  with 
special  reference  to  the  application  of  the  economic  principles  in 
the  re-location  of  some  existing  railway  or  the  location  of  a  pro- 
posed road.  Plans,  Profiles  and  Estimates.  Pre-requisite:  Courses 
89-90.     Half  course. 

259-260 — Sanitary  Engineering.  Pre-requisite:  Courses  59,  94,  98. 
Full  course. 

277-278— Hydraulic  Engineering,  including  the  hydraulics  of  rivers 
and  power  plants   and  municipal   water-works.     Full   course. 

289-290 — The  Engineering  of  Structures,  including  long  span 
bridges  and  deep  foundations,  with  methods  of  building  them,  and  ad- 
vanced work  in  Elasticity  and  Resistance  of  materials.    Full  course. 

293-294 — Railroad  Engineering:  the  design  of  the  Permanent 
Way,  including  plans  and  specifications  for  roadbed,  tunnels  and 
culverts,  track  and  track  structures,  yard  and  station  layouts,  block 
signals  and  interlocking.  Pre-requisite:  Courses  53"54>  58,  75>  85, 
87-88,  89-go,  and  Mining  53.    Full  course. 
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DRAFTING 

The  drafting  rooms  and  offices,  situated  on  the  fourth  floor  of  the 
Engineering  building,  are  equipped  with  a  standard  form  of  drafting 
table,  and  have  a  seating  capacity  for  175  students 

The  collections  of  the  department  contain  a  complete  set  of  models 
illustrating  problems  in  projections  and  descriptive  geometry,  as  well 
as  the  usual  charts  blue  prints,  and  models  for  use  in  the  lecture  and 
drafting  rooms  A  special  feature  of  the  collection  is  a  full  set  of 
212L  :i  llIustrating  the  warped  surfaces  and  problems  in  inter- 
sections  and  tangencies. 

AU;.T~DTftng'  '  h°Ur  and  I4  hOUrS  draftin-  Pressors  Mayer, 
Miller  and  Harrington,  and  Mr.  Beans. 

tions;    developments;    problems     n    descr^ 

met  projection;  (c)  Machine  drafting  CnL^l  f: y'-  ,somretr,c  Projection;  cab- 
struction;  sketching  of  machin T  de  L"ls~  Wn  l"n "  ^  S,^S  f°r  materials  of  con- 
ing;   (</)   Topograp^-Conven"^^^  ^  ^ 


3,  4-Descriptive  Geometry.    3  hours.     Professors  Mayer,  Miller 
and  Harrington,  and  Mr.  Beans. 

warped  surfaces.  icvuiuuons,    intersections;    developments; 

5,  6-Drafting.    6  hours.     Professors  Mayer,  Miller  and  Harring- 
ton. 

wiSwa^Sel5113^8    3nd    S,,ad°WS;    ***«*"'.    (b)    Stone    cutting-Buttress; 
Pre-requisite:    Drafting  1-2,  3-4. 

7,  8-Drafting.     6  hours.     Professors  Mayer,  Miller  and  Harring- 

TON. 

columns;   plate  girder;    roof  trusses     bridge  derails-      6)g  Mac, IneJ™^     w"^ 
laTouts:"'."8^  traCi"8  "d  MUC  Pri'"S  «f  -chiue^de^kfboiier'a^d^ftae^oln 
Pre-requisite:    Drafting  1-2,  3-4. 


ECONOMICS 

2—3  hours.    Professors  Seager  and  Agger  and  Dr.  Anderson. 

M^SS^LttJSSSSM-  -Le-Ct,ures  .'"ding  .and  text-book  discussion.  In 
tms  course  the  fundamental  principles  of  economics  are  studied  with  narticular 
TTnlf TqA°  the1^  aPPllcatl0n.  to  current  economic  and  social  problems  in  the 
Third  vefr  st^ent^'^VfP^1/^3;^*0  £e  needs  of  student  in  engineering 
neering  Electrical    and    fourth-year    students    in    Mechanical    EngT 


ELECTRICAL  ENGINEERING  83 

ELECTRICAL   ENGINEERING 

2— Elements  of  the  Dynamo.  2  hours.  Professors  Arendt  and 
Morecroft.      (1  quiz  period   for  E.   E.  students.) 

A  general  consideration  of  the  principles  and  parts  of  Dynamo  Electric  Ma- 
2E25  f'rV'     d^nit'°".    Of    dyna.no    and    motor,    reversfbiH  y    of     function!, 

STmf  AlL  ■"■netownotwe-foiee,  hysteresis,  elementary  dynamo,  generation 
of  e.ni.f.,  collector  rings  and  commutator.  Parts  of  the  dynamo;  the  magnetic 
circuit,    materials    and    function.      The    armature    core:    materials,    'eddy    Currents! 

wVA  construfctl(in-      ™e   armature    winding,    material,    function,    multiplication   of 
e ectro-motive-force,  types.      1  he  commutator:  materials  and  construction       Brushes 
function    materials  and   supports       Field    frame:    materials,   forms,   development  of 
magnetic    flux,    windings,    magnetic    leakage.      Armature    reaction:    cause    of,    back 
of  Hfff^Sn?mt?nre      H'  brUSb  sh,?m*-. sparking  at  brushes  and  remedies.     Action 

f.  t  ,  yPrCS  Q,f  ,dra,mo^  and  typical  forms.  Text-books:  Crocker's  Electric 
Lightnig,  Vol.   I;   Sheldon's  Dynamo-Electric  Machinery. 

Pre-requisite:      Physics  3-4    and    5. 

4— Electric  Distribution.     2  hours.     Professor  Slichter. 

Principles  and  Methods  of  transmitting,  distributing  and  controlling  direct  cur- 
ve,n  ;  I"tro.du!:tory.  direc^  current  series  and  parallel  systems,  feeders  and  mains, 
voltage    regulation,    networks,    high    tension    d.c.    systems. 

Principles   of  alternating  currents,   self  and   mutual   inductance,  capacity,    imped- 
ance, effective  values  of  current  and  voltage,  phase  angle  and  power  factor      Text- 
book:   Crocker's  klectric   Lighting,    Vol.    II.  ' 
For   E.M.,    C.E..    Mct.E.,  Chem.E.  and  San.E.    students. 
Pre-requisite:  E.E.  2. 

52— Design  of  Direct-Current  Machinery.    2  hours  and  1  afternoon. 

Professor  Arendt. 

Application  of  electrical  and  mechanical  theory  to  the  design  and  calculation  of 
D.  C.  machinery  with  complete  and  original  designs  of  generators  or  motors  in 
accordance  with  specifications,  requiring  all  calculations  and  working  drawings. 
Reference  books:  Thompson's  Design  of  Dynamos,  Cramp's  Continuous  Current 
Machine  Design. 

Pre-requisite:    E.E.  2  and  101.     Parallel  course:   E.E.   173-174. 

54— Design  of  Alternating-Current  Machinery.  2  hours  and  1  after- 
noon.    Professor  Slichter. 

_  The  application  of  alternating  current  theory  and  practical  data  to  the  calcula- 
tion and  design  of  alternators,  transformers,  induction  motors  and  other  alternat- 
ing current  apparatus.  Reference  books:  Arnold's  Wechselstromtechnik ;  Thomp- 
son s  Dynamo  Electric  Machinery,  Vol.  II,  and  McAllister's  Alternating  Current 
Motors. 

Pre-requisite:     E.    E.  52,   103  and    105  and   Mechanics  108.     Parallel   course: 
Mechanics  110  and   E.   E.   175-176. 

72 — Direct-Current  Laboratory.  1  hour  and  1  afternoon.  Messrs. 
Hehre,  Mason  and  Assistants. 

Short  Course  for  students  in  Mining,  Metallurgical,  Civil,  Sanitary  and  Chemical 
Engineering.  The  experiments  cover  the  following:  Fall  of  Potential,  Resistance 
determinations,  Study  of  various  types  of  D.  C.  generators,  their  connections  and 
characteristics  of  operation.  Working  of  generators  in  parallel.  Study  of  various 
types  of  motors,  their  connections,  characteristics  of  operation  and  determination 
of  commercial  efficiency  by  brake  tests.  The  results  of  these  experiments  are 
handed  in  as  reports  which  are  returned  promptly  to  the  students,  with  comments 
and  corrections.  Text-book:  Morecroft  and  Hehre:  Short  Course  in  Electrical 
Testing. 

Pre-requisite:  Phys.  5,  43  and  44  and  E.E.   2. 

73— Direct-Current  Laboratory  Work.     1  afternoon.     Mr.  Hehre. 

Short  course   for  students  in   Mechanical   Engineering.      Same  as  72. 

Pre-requisite:   Phys.  5,  43  and  44  and  E.E.  2  with  parallel  course  E.E.   101. 
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75— Alternating-Current  Laboratory,  i  hour  and  I  afternoon.  Pro- 
fessor Morecroft  and  Messrs.  Hehre,  Mason  and  Assistants. 

Short  course  for  Mining  and  Mechanical  Engineering  students.  The  experi- 
ments cover  the  following:  Study  of  Elementary  phenomena  of  alternating  current 
circuits,  with  determination  of  inductance,  capacity,  impedance,  true  watts  appar- 
ent watts  and  power  factor.  Study  of  an  Alternator,  its  operation  characteristic 
curves  and  wave  form.  Transformers:  Their  operation  and  commercial  efficiency 
Induction  niotors:  Characteristics  and  efficiency  by  brake  tests.  Synchronous 
motors,  their  operation  under  various  conditions  and  characteristic  curves  Rotary 
converters,  operation  under  various  conditions  of  load  and  power  factor  (direct 
and  inverted).  Alternators  in  parallel,  division  of  load  and  conditions  for  maxi- 
mum economy.  The  student  is  required  to  prepare  a  report  upon  each  experiment 
which  is  promptly  corrected  and  returned  to  him  for  his  instruction.  Text-book- 
Morecroft   and    Hehre. — Short   Course    in    Electrical    Testing. 

Prerequisite:    E.  E.   72  or  73  and  4  or  104. 

76-Alternating-Current  Laboratory.  1  hour  and  1  afternoon.  Pro- 
fessor Morecroft  and  Assistants. 

Short  course   for   Civil   Engineers.      Same   as  75. 
Pre-requisite:  E.E.  4  or  104  and  72  or  73. 

58— Thesis.  Original  investigation  of  and  report  on  some  problem 
of  Electrical  Engineering,  approved  of  by  the  head  of  the  department. 
Optional. 

101— Generator  and  Motor  Practice.  3  hours.  Professor  Slichter 
and  Mr.  Hehre. 

A  course  of  lectures  parallel  to  and  descriptive  of  D.  C.  laboratory  work.  Short 
circuits  and  protective  devices.  Instruments:  construction  and  use.  Armature: 
e.  m  f.  current,  resistance  of,  voltage  drop  in,  windings  and  connections.  Com- 
mutator: function,  construction,  heating,  sparking,  collecting  brushes  and  holders. 
Magnetic  circuit:  calculation  .,1  flux  and  field  windings.  Heating  of  field  and 
armature.  Characteristics  of  the  #  various  types  of  generators  and  methods  of 
reguatjon.  Motors,  theory  of  action  and  types.  Methods  of  control  and  speed 
regulation  Losses  and  determination  of  efficiency  by  brake,  stray  power  and 
pumping  back  methods.  Text-books:  Sheldon's  Dynamo-Electric  Machinery. 
Prerequisite:     Fhys.   5  and  E.   E.   2. 

103— Electric   Motors.     3  hours.     Professor  Arendt. 

n(F?J  E.E-)  Electric  motors,  their  action,  control  and  application.  Introductory 
Classification  of  work  requirements.  Shunt  Motors:  Characteristics,  predetermina- 
tion of  action,  and  efficiency,  methods  of  speed  control  and  regulation,  rheostatic, 
held  weakening,  multiple  voltage,  double  armature  and  teaser  system.  Series 
Motors:  Connections,  predetermination  of  characteristics  and  efficiency,  control: 
rheostatic  field  weakening  double  armature  and  series  parallel.  Compound  motor, 
characteristics  and  methods  of  control.  Alternating  current  motors  introductory. 
Commutator  A  C.  motors,  series  and  repulsion  types,  characteristics  and  control 
Synchronous  Motors,  characteristics  and  control.  Induction  Motors,  single  and 
polyphase,  characteristics,  methods  of  starting,  speed  control  and  regulation  Elec- 
tric Drive,  advantages  of  and  application  to  machine  tools,  cranes,  elevators 
presses  pumps  fans  wood  working  and  mill  work.  Text-book:  Electric  Motors 
by   Crocker  and  Arendt. 

Pre-requisite:     E.    E.   104,  173  and   174.     Parallel  course:   E.    E.   175-176. 


103A— Electric   Motors.     2  hours.     Professor  Arendt. 

trie    Motors,    their    action,    cont 
al   Engineering  Students. 
Pre-requisite:   E.E.   104  and  73. 


Electric    Motors,    their    action,    control    and    application.      103    abridged    for    Me- 
chanical  engineering  Students. 
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104 — Electric  Distribution.    3  hours.     Professor  Arendt. 

Principles  and  methods  of  transmitting,  distributing  and  controlling  direct  and 
alternating  currents.  Introductory,  Physical  properties  of  conductors,  direct- 
current  series  and  parallel  systems  of  distribution,  feeders  and  mains,  voltage  regu- 
lation,   three-wire   systems,   high    voltage   direct-current    systems,    network   systems. 

Principles  of  alternating  currents,  study  of  wave  shapes,  inductance,  capacity, 
phase  angle,  effective  values  of  electromotive  force  and  current,  power  factor, 
resonance,  simple  circuits,  parallel  circuits,  line  inductance  and  distributed  capacity, 
calculation  of  single  phase  circuits.  Text-book:  Crocker's  Electric  Lighting,  Vol.  II. 
For   third  year   E.    E.  and   M.    E.    students. 

Pre-requisite:   Phys.   5  and   E.E.   2  and   101. 

105 — Alternating-Current  Engineering.  3  hours.  Professor 
Slichter. 

Electric  power  systems,  including  translating,  controlling  and  transmitting  equip- 
ments. Constant  potential  and  constant  current  transformers,  principles,  efficiency, 
regulation  and  protection.  Polyphase  systems  of  generation,  two  phase  and  three 
phase,  economy  of  generators,  of  transmission,  and  conversion  from  one  system  to 
another.  Calculation  of  alternating  current  transmission  lines,  regulation  of  volt- 
age and  power  factor  of  systems.  Switchboards,  materials,  apparatus  used  upon, 
location  and  types.  Line  construction  and  protection,  pole  lines,  cable  and  conduit 
systems.  Text-book :  Steinmetz's  Electrical  Engineering. 
Pre-requisite :    E.E.   101   and  104. 

105A — Alternating-Current  Engineering.  2  hours.  Professor 
Slichter. 

105   abridged    for    Mechanical    Engineering    students. 
Pre-requisite:  E.  E.    101   and   104. 

106 — Electric  Plants.  2  hours.  Professors  Slichter  and  Arendt 
and  special  lecturers. 

Management  of  electric  plants  and  industrial   enterprises.      Electric   illumination, 
methods    of   charging    for    electric    power,    operating   expenses,    sources    of   income, 
organization   and   administration    of    corporations,    reports,    specifications,    contracts, 
insurance   regulations,   patents    and   statistics. 
Pre-requisite:     E.  E.  104  and  105. 

108 — Plant  Inspection.    3  hours.    Professors  Slichter  and  Arendt. 

Pre-requisite:     E.   E.   104,  173-174.     Parallel  course:    E.   E.   105  and   106. 

109-110 — Telegraphy  and  Telephony.   1  hour.      Professor  Arendt. 

The  principal  methods  and  instruments  employed  in  telegraphy,  telephony  and 
electric  signalling.  Telegraphy:  Historical  review,  Morse  systems,  relays  and 
sounders,  earth  circuits,  station  equipments,  repeaters,  differential  and  polarized 
relays,  duplex  systems,  quadruplex  systems,  telegraphy  from  moving  bodies,  record- 
ing systems,  submarine  cables  and  telegraph  circuits.  Wireless  telegraphv:  Genera- 
tion of  electrical  waves,  simple  transmitting  and  receiving  apparatus.  Telephony: 
Historical  review,  Bell's  work,  the  magneto-telephone,  the  microphone  and  carbon 
transmitters,  use  of  induction  coils,  call  methods,  series  and  parallel  circuits,  sub- 
scriber's equipment,  line  disturbances,  common  battery  systems,  subscriber's  and 
exchange  equipment,  party  lines,  automatic  systems,  combined  telegraphy  and 
telephony.  Text-books:  Maver's  American  Telegraph  Practice  and  Miller's  Ameri- 
can Telephone  Practice. 

Pre-requisite:    E.  E.  104. 

112 — Electric  Railway.     2  hours.     Professor  Slichter. 

Special  instruction  in  calculation,  installation  and  operation  of  electric  railway 
systems.  Historical  review  and  early  development.  Train  resistances  due  to 
tracks  and  bearing  surfaces,  curves,  grades,  and  air.  Acceleration  and  breaking. 
Speed  time  curves.  Motors  for  railway  work.  Controllers.  Distribution  systems, 
track  construction,  bonding  and  electrolysis.  Trucks,  wheels  andcar  bodies.  Con- 
duit, storage  battery  and  third  rail  systems.  _  Electric  locomotives  and  multiple 
unit  control.      Testins?   railway   equipments.      Financial   considerations. 

Pre-requisite:  For  E.   E.  students  E.   E.  104  and  173-174;  for  C.  E.  students 
E.   E.  4  and  75. 
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i73  I74_Direct    Current    Laboratory.      6   hours    (2    afternoons) 
Mr.  Hehre  and  Assistants. 

methods.     Use  of  Wheatstone  b&ge  for  determinate,1?  o f  high" iiS    ^Gen" 

to4  and  Motors  by  "pumping -back"  tts"'    |"tT'  a"d.  elBciency  °f  genera- 

Pre-requisite:    Phys.  5,  43  and  44  and  E.E.  2.     Parallel  course:  E.E.  101. 

175-176— Alternating-Current  Laboratory.      1    hour  lecture    and    6 

hours  laboratory  practice    (one  whole  day)    first  term,  1   hour  lecture 

and  6  hours  laboratory  practice  (2  afternoons)  second  term.  Profes- 
sor MORECROFT. 

«i,h  Alt7"atin&current  circuits;  determination  of  inductance,  capacity  impedance 
phase  relations,  true  and  apparent  watts  and  power  factor.  2.  Alternator^  one  ra- 
tion at  different  power  factors,  magnetization  curves,  determination  of  losses  and 
v^Conr°ofTS;mpedanCe>  fidd  compounding,  etc.  3.*  Alternators in  Paral  e  :  di 
vision  of  load,  cross  currents  and  adjustment  of  excitation    for  maximum  economy 

condUionSr0orfoaXrd:fi^Cth0dS  °J  "^*J«f*»f.  ^ciency.  action  under  varvT^g 
SK&-2L5?irt*^a2^Jfe*»^   converters:    Methods   of  starting! 


phase  relations  of  electromctive-for^  ar.d"  c^ent^'re^e  and^n-relK"  cir" 
cuits  as  well  as  in  the  primary  and  secondary  circuits  of  transformers  by  instan- 
taneous contact  and  oscillograph  methods.  8.  Resonance:  by  means  of  inductance 
:±S?^-J5S«*?  S*525S5S   ,e?-din*  C-rent  Ponced  by  synchi^ 


ronous 


motors,  with  application  to  transmission  lines  and  rotary  converter  regulation 
?oJr<dU ct'°"M.otors:  ™thods  of  starting,  characteristic  curves,  determination  of 
en  v  in  ,C,enClbyi  Vak^  tCSt^'  aPPlication  of  circle  diagram  and  use  as  fre- 
Prnyall"f,-  J£  Induc''.on  Generator:  operation  and  determination  of  the 
Hnn  nn  character,S]1C-  **•  Single-phase  commutator  motors,  comparison  of  opera- 
tion  on  a.c  and  d.c.  circuits;  predetermination  of  characteristics  by  diagram 
J*Jt  T  °  ume,rCU^  arc  r;ct,firers.  with  curve  analvsis  by  ondograph  and  oscilE 
graph.      Text-book:   Morecroft's  Laboratory  Manual  for  Alternating  Currents 

iiSr,s»i£d:iiLaE' 104  and  173174-  Paraiiei  courses:  e-  e-  1°3  and  105« 

177— Instrument  Laboratory,    i  hour  and  2  afternoons.   Mr.  Mason. 

1.  Calibration  of  ammeters  by  comparison  with  laboratory  standards.  Kelvin 
™.?ilceS*  rmff  .dynamometers,  and  potentiometers.  2.  Calibration  of  volt- 
meters. 3  Calibration,  adjustment  and  determination  of  constants  of  A  C  and 
Wi,hfcT«  k-^i  meter5'  b>l  various  methods  4.  Determination  of  resistance's:  by 
Wheatstone  bridge  and  potentiometer  methods.  S.  Measurements  of  Inductance 
and  capacity,  a  By  comparison  with  standards  using  A.  C.  bridge,  b.  By  abso- 
lute method,  including  determination  of  constants  of  ballistic  galvanometer  6  Mag- 
netic measurements.  Determination  of  coefficient  of  magnetic  leakage  of  generator 
or  motor.  Determination  of  the  permeability  of  samples  of  iron  and  steel,  a  By 
™tW?S°n,fS  ^-th°.d-  bA-  By  E,wine  doub,e  brid*e  met"od.  c.  A.  C.  voltmeter 
Sj;mf  J?11""*  j;ead,ng  voltmeter  method..  Determination  of  Hysteresis  by 
Hopkinson  s  Double  bridge.  Voltmeter  and  Ewing  tester  methods.  7.  Storage  Bat- 
tery Testing.      Determination   of  normal  rate  of  discharge,  capacity  and  efficiency 
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at  normal  rates,  capacity  at  various  rates.  Constant  current  and  constant  potential 
methods  of  charging,  weight  efficiency  and  losses  on  standing.  8.  Photometry. 
a.  Proving  gas  meters  and  determination  of  candle  power  of  gas  against  standard 
candles,  b.  Candle  power  incandescent  lamps  using  standard  candle,  c.  Distribu- 
tion of  light  from  an  incandescent  lamp,  using  secondary  standard,  d.  Determina- 
tion of  mean  spherical  and  mean  hemispherical  candle  power  of  an  incandescent 
lamp.  e.  Relations  between  voltage,  candle  power,  efficiency  and  life  of  incan- 
descent lamps.  Arc  lamp  photometry.  9.  Cable  Testing,  a.  To  determine  insula- 
tion resistance;  induction  and  capacity,  b.  To  determine  location  of  faults.  ' 
Pre-requisite:    E.  E.   173-174. 

Graduate  Courses 

101,  104  and  173-174— Dynamo  and  Motor  Practice,  Electrical 
Distribution  and  D.  C.  Electrical  Laboratory.  3  hours  lecture  and 
6  hours  laboratory.     Full  course. 

Pre-requisite:    Phys.  5,  43  and  44  and  E.E.  2. 

175-176 — Alternating-Current  Laboratory.  With  Mechanics  109 
and  no.  5  hours  first  half-year,  4  hours  second  half-year  and  2  after- 
noons.    Full  course. 

Pre-requisite:    E.  E.  104,  173-174,  and  Mechanics  108. 

103,  105,  106,  175-176 — Electric  Motors,  Alternating  Current  Engi- 
neering and  Electric  Plants,  and  Electrical  Laboratory.  7  hours, 
2  afternoons  first  half-year;  3  hours,  2  afternoons  second  half-year. 
Double  course. 

Pre-requisite:    E.  E.  104,  173-174. 

GEOLOGY 

4 — Petrography.  2  afternoons  two  months  of  the  second  half,  third 
year.     Professor  Berkey. 

A   short   course   in   the   microscopic   study   of  rocks. 
Pre-requisite:     Mineralogy  6. 

5-6 — General  Geology.  3  hours  lectures,  second  year.  Professors 
Kemp,  Grabau   and  Berkey. 

First  half-year  phvsical  geology,  with  practical  work  ir  the  rock  collections  under 
the  lithological  part  of  the  subject;  second  half-year,  stratigraphical  and  historical 
geology,  involving  laboratory  work  with  index  fossils  and  collections  illustrating  the 
geology'  of  the  United  States.  Text-books:  Kemp's  Hand-book  of  Rocks;  Scott's 
Introduction   to   Geology. 

Pre-requisite:      Mineralogy   1-2. 

15 — Elementary  Palaeontology.    Professor  Grabau. 

An  introduction  to  the  study  of  fossils.     1  hour  lecture  and  2  hours  laboratory- 

16— Index  Fossils.  1  hour  lecture,  6  hours  laboratory,  second  term. 
Professor   Grabau  and   Mr.  Van  Tuyl. 

A  study  of  the  invertebrate  fossils  characteristic  of  the  various  geologic  horizons 
of   North   America. 

Pre-requisite:     Geology  5-6. 

18 — General  Geology.     Professor  Berkey. 

A  general  discussion  of  dvnamical,  structural  and  historical  geology,  with  prac- 
tical work  in  the  rock  collections  and  assigned  field  work  on  Saturdays  during  the 
last  six  weeks.  Special  course  during  the  second  half-year  for  students  in  Civil 
Engineering  only. 

Pre-requisite:     Mineralogy  5. 
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20— Rocks  and  Soils.  2  hours  lectures  and  recitations,  second  term. 
Professor  Berkey. 

A  study  of  the  residuary  products  from  rock  decay;  types  of  soils;  soil  classifka- 
ge0onio|y  mappnlg-  °pen  t0  students  who  have  completed  a  course  in  general 
Pre-requisite:     Geology   18  or  Geology  5-6. 

51— Principles  of  Geology.  2  lectures  per  week.  Professors  Grabau 
and  Berkey. 


Principles   of   the   formation   of    sedimentary    deposits,    involving   a   discussion    of 

marine  and   continental  sedimentation,   the  criteria  by  Which  various sedimSts can 

be   recognized    methods   of   preservation   of   organic  'remains,   and     he   priSes   of 

mas!  ¥r^^T^a^^nhmS-     PrindpleS  °f  -rrelPationPleTSex0tf 

Pre-requisite:    Geology  5-6  or   18. 

52— Principles  of  Geology.  2  lectures  per  week,  second  term.   Pro- 
fessors Grabau  and  Berkey. 

fnA/l^'^v"  1  of.second^y    structural     features;     and    of    formation    of     folds, 
taults,   etc.      Vulcanism.   metamorphism.   secondary   mineralization 
Pre-requisite:    Geology  5-6  or  18. 

ioi— Applied    Petrography.     2    hours    lectures    and    1    afternoon 

laboratory  work.     Professor  Berkey. 

Interpretation   of   rocks  based   on   microscopic   study.      Rock   origin    history    and 

yeaere,forCOstudenn;   £*$&"  cr™-ted.with  ore  deposits.     Special  bourse  S'half- 
year   lor   students   in   Mining    hngmeenng. 
Prerequisite:    Geology  4. 

102— Petrography  of  the  Ores.    Professor  Berkey. 

This  course  is  intended  only  for  advanced  students  in  petrography  and  economic 

?h°  °fy-     K?  ClUCJ  °bjCCt  isi°  furn-ish  a  Petrographic  basis  for  the  determinat  on  of 
the  composition,  structure  and  genesis  of  ores  and  ore  deposits 
Pre-requisite:    Geology  4,  101,  105  and  106. 

105-106— Economic    Geology.     3    hours   lectures    and    one    elective 
conference,  third  year.     Professor  Kemp. 

fnfnrSt^hKlf"yea/'  di.scussion  of  the  general  features  and  formation  of  ore  bodies 
followed  by  a  description  of  the  deposits  of  the  ores  of  iron,  copper,  lead  zinc 
silver,  gold,  and  he  lesser  metals,  with  especial  reference  to  NortE  America-  set 
2te»J  ^'iftnftS-01  V1C  distr«™*<>«  and  occurrences  of  coS  petroleum, 
natural    gas     asphalt,    building-stone,    water    supply,    salines,    and    minor    minerals 

Pre-requisite:    Geology   5-6. 

107-108— Invertebrate  Palaeontology.     2  hours  lecture  and  4  hours 
or  more  laboratory.    Professor  Grabau  and  Mr.  Hintze. 

■hS^l^*?  °f  .the  courf,  deals  with  the  principles  of  palaeontology;  methods  of 
study,  of  the  ontogeny  of  hard  parts  of  animals,  and  the  laws  of  morphogenesis 
This  is  fol  owed  by  a  consideration   of  the  classes   of  invertebrates  important   from 

LSt^t^l-^^-T^^P113^   be-ing  ,aid   on    the   feature^Pwhich    show 
genetic    relationship       Special    attention    is    given    to    groups    whose    evolution    has 
been   worked    out       Text-book:    Zittel-Eastman.    Text-book   of  Paleontology J    Vol II 
Pre-requisite:    Antecedent  work  in  Geology. 

1 10— Geological  Examinations  and  Surveys.    2  hours,  second  half 
fourth  year.     Professor  Kemp. 


A  discussion  of  the  methods  of  systematically  recording  and  internretim 
logical  phenomena,  with  illustrations  drawn  from  experience  in  mining  and 
branches  of  engineering:,  and    of  the  organization    and    scope   of   geological  st 


ig   geo- 
other 

This  is  followed  by  "a  Sketch"  of  "the  wffijr^.S'SEto  lTlt7tl 
and  national  geological  surveys  in  this  and  other  countries;  arid  of  other  sources  of 
detailed  information  regarding  local  geology.  sources  01 

Pre-requisite:    Geology  105-106. 


MATHEMATICS  Sg 

ii2— Field  Geology.       AH  the  officers  of  the  Department 

party..    Instruction    is   given  In    the    field    in    observing,   record  ng ^  and  interpret  ins 

fcporf'if  furred.0'13    ^    '"    *"    W»*»    °*    -S»    and    sections  T5riS2 

Pre-requisite:     Geology  5-6. 

Geology  105-6  is  desirable  although  not  required. 

201-202-Petrology.  2  hours  lectures  and  4  hours  laboratory,  fourth 
year.     Professors  Kemp  and  Berkey. 

ofi,,fc7;st,Loef  r'isrrd'  tfasftasr"* and  ■*■«*■'-"  «*-»- 

Pre-requisite:     Geology  4. 

205-206— Comparative  Geology  of  North  America.  A  compre- 
hensive discussion  of  the  geological  formations  and  structure  of  the 
North  American  Continent.  3  hours  lectures  and  3  hours  laboratory, 
with  reading.     Professors  Kemp  and  Grabau. 

Fre-requisite:    Geology  5-6  and   16. 

LAW 
Business  Law.    2  hours.    Mr.  Rogers. 

inHnril'n^rlT  2L  *2  eIcme"ta7  ™les  of  law  governing  business  transactions, 
including  real  property,  contracts,  agency,  commercial  paper,  sales,  suretyship 
SS52&  1°  S'  part1nersh',P'  corporations.  The  rules  of  law  are  developed  S 
illustrated  by  examples  taken  from  the  law  reports,  and  dealing  with  situations 
such   as  engineers  have   in   fact   met  and  are  apt   to   meet  in  the  practice   of  their 


profession. 


MATHEMATICS 


I_ Algebra.  2  hours.  Professors  Mitchell,  Grove  and  Siceloff, 
Dr.  Reddick,  Dr.  Lennes  and  Mr.  Graves. 

Includes  such  topics  as  determinants,  complex  numbers,  the  theory  of  equations 
and  partial  fractions.     First  term. 

Pre-requisite:  Entrance  Mathematics. 

2 — Algebra.     Professor  Hawkes  and  Mr.  Graves. 

Equivalent  of  1.     Second  term. 

3— Analytical  Geometry.  3  hours.  Professors  Mitchell,  Hawkes, 
Grove  and  Siceloff,  Dr.  Reddick  and  Mr.  Graves. 

Introduction  to  algebraic  geometry,  dealing  with  such  topics  as  co-ordinate 
systems,  transformations,  loci  and  their  equations,  the  straight  line,  circle,  para- 
bola, ellipse,  hyperbola,  and  the  geometric  interpretation  of  the  general  equation  of 
second  degree.      First  term. 

Pre-requisite:    Entrance  Mathematics. 

4 — Analytical  Geometry.     Professor  Grove. 

Equivalent   of   3.     Second  term. 

64 — Calculus.  5  hours.  Professors  Fite  and  Grove,  Dr.  Reddick, 
Dr.  Lennes,  Dr.  Fisher  and  Mr.  Graves. 

An  introduction  constituting  with  65  (see  below)  one  course  in  the  calculus. 
Differentiation  of  algebraic  and  transcendental  functions,  with  applications  to 
geometry,  maxima  and  minima  and  mechanics.  The  elements  of  the  integral 
calculus.     Second  term. 

Pre-requisite:  3   Cor  4). 
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65— Calculus.    5  hours.    Professors  Fiske,  Maclay,  Mitchell   Fite 
Dr.   Reddick  and  Dr.  Lennes. 

Continuation  of  64.     Further  study  of  the  differential  ea1rii1„=-  »■%..       •      •   1         * 
Pre-requisite:   3    (or   4),    and   64    (or  67). 

67— Calculus.    Professors  Grove  and  Siceloff. 

Equivalent   of  64.      First  term. 

68— Calculus.     Professors  Grove  and  Siceloff. 

Equivalent   of  65.     Second   term. 


MECHANICAL    ENGINEERING 

11-12— Steam  Power  Machinery.  3  hours,  with  1  afternoon  in  the 
second  half  year  only.     Professors  Lucke  and  Parr. 

rwnCti°nSYF°rmS  a"d,FrinC'P!es  of  Operation  of  the  Typical  Steam  power  Plant 
niinP'r^11X,I,aVC,S  3Vr  Conne,ct,nR  Elements-Methods  of  receiving,  Coring  and* 
tinngJ      '  i  ,,andI,nS  machinery,   grates,  stokers   and  furnaces   for  the   combus 

kSL?  fl  "I1  s,moke,ess  combustion  and  smoke  ordinances;  flow  of  gases  thro. eh 
boilers     flues     dampers    and    the    generation    of    necessary    draft   by    chimney       fans 

foundS^  Method  COrlstri'CtiC?  "^  'I*??™  of  ™»h  boiler  settings  and 
Mtlrhm^'  Me*h.ods  .and  aPPfratus  for  feeding  water  to  boilers,  necessary  boiler 
fno   If  ™    ?  tnmmmgs.      Flow  of  steam    from  boilers  to  engines  and   the  ground 

ing  of  engines  and  boilers,  piping,   valves,    fittings  and  pipe  covering      The  lifatimr 

?eed°wartefreeadn7a^r  E  *&  "*'"  *"*"  an2  economizers.  Purification  oboile? 
feed  water  and  effects  of  impure  water  on  the  boiler.  Poilcr  strength  tests  and 
inspection  laws.  Boiler  explosions.  Steam  pipe  condensation  and  drafnage  Steam 
traps,  separators,  steam  superheating  and  superheaters.  Condensing  operation  S 
JnTV™?"'8  b-y  'fti""**?*  ^tor  and  barometric  condensers /Vewssit? for 
T "ni  t>Pcf  °f  c,r^ulat,nK-  hot-wel  and  dry  vacuum  pumps  and  cooling  towers 
Typical  steam  engines  and  the  variations  in   form  and  character  of  their  Important 

rsn.E:^,e  vaves  of  simple  and  complete  form,  relation  between  conS?nctfon 
of  engine  and  valve  gear  to  its  economy.  Special  valve  gears  for  high  economy 
for  reserving  and  for  power  control.  Regulation  of  engines  and  engine  governors' 
Relation  between  engine  construction,  foundations,  vibrations  and  balancing  Steam 
conditions.      yP'Cal    Steam    P,ant    arranSements     for    various    special    substandard 

Second   year   mechanical  and   third    year    chemical    engineering  students. 
Pre-requisite:     Physics   3-4. 

13-14— Steam  Power  Machinery.     3  hours.     Professor  Lucke. 

tJvh°Th?r7T  a AfP!Cn  frVntM^  "l2-  £eco.nd  Tear  Civil,  Electrical  and  Sani- 
tary; Third  year  Metallurgical  and  Mining  Engineering. 

Pre-requisite:     Physics   3-4. 

17-18— Engineering  Thermodynamics.  2  hours.  Professor  Lucke 
and  Mr.  Thurston. 

«rLaiWSnfw.eat  Generation  W  Combustion,  Heat  Transfer  and  Transformation  into 
^\°rk~ Ration  between  temperatures  and  quantities  of  heat.  Units  of  heat, 
hftect  of  heat  on  solids,  liquids,  gases  and  vapors.  Laws  of  heat  transfer.  Laws 
ot  surface  evaporation,  ebullition  and  condensation.  Properties  of  saturated  and 
superheated  vapors.  Combustion  of  fuels,  calorific  power,  quantities  of  air  for 
combustion^  Temperature  of  combustion.  Boiler  efficiency  and  conditions  affect- 
ing. Principles  of  chimney  draft.  Laws  of  expansion  and  compression  of  gases. 
Work  and  heat  diagrams  to  pressure  volumes  and  temperature  entropy  co-ordinates 
Air  and  wet  vapor  compression.  Expansion  of  steam  by  hypothetic,  adiabatic  and 
saturation _  laws  and  application  to  steam  engine  efficiency.  Missing  water  in 
steam  engines.  Influence  of  cylinder  condensation,  re-evaporation,  steam  jackets, 
irfltuaMSUperjeat>  compounding  and  reheating  on  steam  engine  efficiency.  Relation 
of  boiler  and  engine  performance.  Free  expansion  laws  and  application  to  injector 
and  steam  turbine  nozzles.  Heat  transformation  by  perfect  gases.  Hot  air  gas 
and    oil    engine    efficiency.      Mechanical    refrigeration.      Effects    of    evaporation    of 
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SE$  c?dcomrp1e°xniCsysa,Ceiiantl  eXPa"Si°n    °f  a,'r-     Heat  Wa"«s  "d  «"««» 

Pre-requisites:     Mechanics  102;  M.  E.   11-12  or  13-14. 

19-20— Engine    Design.      3    hours    and    2    afternoons.      Professor 
Rautenstrauch. 

nil^a^J^&??!P«£f^FOT.^,n^^  and  Mechanical   Prohlems   In- 

pression  and  admission  for  type  of  valve  eear  selerterl  cifr'  .Lo  j,V  ^eie*se>  com" 
inertia  in  the  principal  parts.  Forms  an<f  proportion^  o ^  the ^ai  dSeSd'h 
intensity,  distribution  and  nature  of  the  stresses,  properties  of  the  materials  and 
f)i?iS0«f  aflffeCV"g,  ^intenance.  Determination'  of  proportions  of  engine  parts 
Design  of  fly-wheels  for  limiting  variation  in  velocity  and  analvsis  of  IE 
fffn/ «.amtl0n-  f.Ba,a"cin,g  th^  engine.  Valve  gears  and  governors  detcrm  g 
tion  of  the  proportions  of  the  valve  for  predetermined  steam  distribution  anT 
±1*1™^™^*?*  movi"g  gear...  Graphic   representation   of  the    shnuftaneo 


valve  for   predetermined  steam   distribution,   analysis 
-~g  gear.      Graphic   representation   of  the  simultaneous 
ttrVXr     ?ff,valve    °Penmg    steam   velocities   and  piston   velocities.      Analyses   for  ?he 
JtL  ^  f"?"^"^  °/  the  fod.      Equalizing   the   events   of  the  vafve      Analysis 
--i-t--%SSCte?f^Lof4:th^  sh'ftl"2  eccentrics  and  the   resultant  variation^ "S  ^ 
-nnnSonc    yf.,  °f  the   C°.rhss   valve   gear  with   single  and  double 
.oportions    of    the    mechanism.      Steam    engine    governors,    flyball 
ors,  limits  of  movement,  valve  gear  resistance.     Proportions  of  tin 


alve  events..  Layout  o^e^iiss^^Z^^^^  IS$tS££S 
and  proportions  of  the  mechanism.  Steam  engine  governors  flyba 3  and  "haft 
governors    limits  of  movement    valve  gear   resistance.     Proportions^  tie  governor 

rouitli    year    Mechanical    Engineering. 

Pre-requisites:    M.  E.  39,  40,    11,   12,    17-18. 

21— Gas  Power  Machinery.  4  hours  and  1  afternoon.  Professor 
Lucke  and  Mr.  Thurston. 

rJhPnr„e-tiGal  Tan<!  ?raCti;^  C°ns''deration  Affecting  the  Generation  of  Power  by 
fchir\ffiC'UdingiffSapS^-,tion'  Coal  Gasification  and  the  Design  of  the 
Machinery— Efficiency,  M.L.P.,  displacement  per  minute  per  EH  P.  for  reference 
diagrams.  Limitations  of  external  and  internal  heating.  Methods  of  explosive  and 
non-explosive  internal  heating.  Properties  of  explosive  gas  mixtures  aTrnecelsary 
effi?£™P«f "  PCK  °£  ft  °f  mixture5  temperature  of  combustion,  heat  suppression 
£"?  0f  combustion,  pressure  and  volume  effects,  limitations  of  proportions 
Z  ltlgmtl°n'  r-3te  ,°f  Pr°Pafatrion>  the  explosive  wave.  Critical  exami- 
nrnnnrtfnn^^  ***  enSme   forms  and  .functions   of  parts;   means   for  mixing  and 

proportioning  pressure  regulators  ignition;  governors,  effects  on  the  engine  and 
mechanism;  starting  equipment ;exhaust  piping  and  muffling;  effects  of  back  pressure 
flr^L^^''  cool'ngj  Preigmtion,  effect  of  cooling  on  economy.  Large  blast 
furnace  practice  methods  of  gas  cleaning;  blast  furnace  gas,  quality.  Large  engine 
construction,  and  forms  of  parts.  Producer  gas  practice;  standard  producer  for 
anthracite  and  bituminous  coal,  characteristics;  gas,  variation  in  quality,  effects 
on  the  engine;  methods  of  blasting  producers,  auxiliary  steam  supply  and  steam 
consumption ;  efficiency  and  rate  of  combustion  in  producer;  scrubbers  and  tar 
extractors.  Carburetors  and  vaporizers  for  liquid  fuel;  netroleum  distillates,  crude 
oil  and  denatured  alcohol,  vapor  tension  curves  for  liquid  fuels.  Characteristics 
ot  modern  forms  of  gasoline  and  oil  engines,  gas  power  plant  arrangements  pro- 
ducer engines,  their  efficiency,  coal  consumption  and  comparison  with  steam  plants 
Complete  analysis  of  the  rating,  efficiency,  regulation,  forces  acting  in  and 
strength  of  parts  of  a  modern  gas  engine.  Probable  indicator  card,  inertia  of 
reciprocating  parts,  wrist  pin  and  turning  effort  diagram.  Dimensions  of  all  parts. 
Fourth  year  Mechanical  Engineering. 
Must  parallel  M.  E.  19,  33. 

25-26— Steam  Power.  2  hours  and  1  afternoon  first  term  and  2  hours 
and  2  afternoons  second  term.     Professor  

Relation  Between  the  Cost  of  Power  and  Thermal  Efficiency  of  the  Plant. 
Commercial  Value  of  Refinements — Determination  of  engine  and  boiler  ratings  and 
corresponding  efficiencies  and  probable  coal  and  water  consumption  for  plant  on 
given  load  curve.  Essential  relation  between  processes  and  dimensions  of  the 
steam  plant.  Steam  plant  refinements  for  raising  efficiency  of  part  or  complete 
plant  and  relations  between  dimensions  and  effect.  Use  of  unit  costs  of  apparatus 
in  estimating,  examination  of  cost  sheets  to  determine  prime  unit  of  cost.  Cost  of 
power.      Fixed   and   operating  charges,    ratio    of  each    individual    item   to   total   and 
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,  , '  f, J vorrK  cons>sts  in  laying  out  a  simple  power  plant  for  assigned  units  in  the 
If  h"ig  r,oon\or.  V1C  de.ta,lll.'g  of  existing  general  plant  drawings,  preparation  of 
EZ^LZ'JSFA  e^m.a.tl??..tlle  **  "*.   "-d  charges.  prolabre^oT 


water, 


the  alteration  and  proposals  submitted. 

Fourth    year    Mechanical    Engineering. 
Pre-requisite:    M.   E.   96S. 

31-32— Standard  Tests  and  Research  Methods.     1  hour  and  1  after- 
noon.    Professor  Parr. 

nl^S°[ati°ry  Tth°ds    f°r  the   ^termination    of   experimental   data.      Derivation    of 
Slnlffi    5*  '    ««Penni?ntel    results— Comparison    of    actual    performance    of 

machines  with  computed  prediction  and  evaluation  of  unknown  elements.  Methods 
01  approach  for  the  solution  of  practical  problems  by  experiment  and  computation. 
The  work  is  illustrated  by  problems  on  the  flow  of  liquids,  gases  and  vapors, 
combustion,  transfer  of  heat,  steam  generation  and  changes  of  state,  transformation 
01  energy,  power  generation  and  transmission,  energy  losses,  thermal,  hydraulic 
and  mechanical  hor  each  problem  a  preliminary  report  is  submitted  before  the 
test,  involving  the  analysis  of  the  problem,  the  attempted  prediction  and  the  re- 
quired test  log  based  on  class-room  explanations;  this  is  incorporated  with  the 
tests  results  and  an  interpretation  of  differences  between  these  and  the  prediction 
including  judgment  of  errors,  to  constitute  the  final  report.  The  apparatus  for  this 
course  includes:  Pressure  gauges,  manometers,  thermometers,  pyrometers,  indi- 
cators, tachometers,  planimeters,  barometers,  weirs,  channels,  nozzles  and  orifices 
for  water,  steam  and  air,  Pitot  and  Venturi  tubes,  steam,  gas  and  water  piping  and 
meters  dynamometers,  power  scales,  viscosimeters,  flue  gas  apparatus,  steam  traps, 
hydraulic  ram.  steam  injectors,  air  pump,  hot  air  engine,  duplex  steam  pumps, 
Helton  wheel,  centrifugal  pump,  simple  steam  engine.  Texts:  Experimental  Engi- 
neering—Carpenter  &   Diederichs,  Lecture  Notes. 

Third  year  Mechanical   Engineering. 

Prerequisites:    M.   E.   11-12.     Courses  which  are  parallel  to  it:    M.  E.   17-18 

33— Standard    Tests    and    Research    Methods     (Continuation    of 
Course  31-32).     2  hours  and  1  afternoon.     Professor  Parr. 

The  work  of  this  course  is  the  same  in  nature  as  31-32,  but  the  problems  involve 
more  difficult  computations  and  more  skilful  manipulation  of  the  apparatus  These 
problems  are  principally  concerned  with  encrgv  transformation,  necessary  and 
accidental  losses  and  the  determination  of  the  conditions  affecting  performance  ef 
compound  and  triple  expansion  steam  engines  and  pumps,  operating  condensing  and 
non-condensing,  with  and  without  receivers,  with  and  without  reheaters.  Hydraulic 
motors,  one  two  and  three  stage  air  compressors,  with  and  without  intercoolers 
feed  water  heaters,  fans,  steam  boilers,  ammonia  refrigerating  machines  steam 
superheaters  and  condensers.  Attention  is  also  given  to  the  commercial  tests 
standardized  by  the  Engineering  Societies. 

Fourth    year    Mechanical    Engineering. 

Pre-requisites:    M.   E.  31-32;   M.   E.  96S;   M.  E.   17-18. 

35-36— -Kinematics  of  Machinery,    i  afternoon.    Professor  Thomas. 

Determination  of  Paths  of  Motion,   Velocity,  Acceleration  and  Kinetic  Forces  of 

the  Moving  Parts  of  Machines  with  the   Resulting  Reaction   Forces  of  the  Frame 

Relative  motions  of  machine  parts  and  the  determination  of  the  rates  of  motion. 
Determination  of  space,  velocity  and  acceleration  diagrams  with  application  to  the 
steam  engine,  shaper  and  other  standard  mechanisms.  Construction  and  use  of 
diagrams  for  the  determination  of  inertia  forces  and  their  distribution  in  each 
element  of  a  machine.  The  layout  of  motions  to  specifications.  Design  of  cams 
with  special  reference  to  the  rate  of  change  of  velocity  of  the  moving  parts  and 
the  resultant  inertia  forces,  resistances  to  motion  and  the  continuous  contact  of 
cam  and  follower.  Analysis  of  link  work,  relative  motions,  inversions,  adaptability 
to  the  accomplishment  of  specific  kinds  and  limits  of  motion.     Eccentrics  and  links 
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rnr,tthe.^ansf°,',,?iation    ?f    ^inds    of    motio";    ratchet    motion;    running    ratchets. 

SnUJfihi  c°uPlln*  .mechanisms,    connecting   shafts    in    parallel    and    at    an    angle. 

Modification    to   permit  of   non-alignment.     Toothed   gearings.      Tustification   of   the 

cycloidal    and    involute    curves    in    their   application    to    gear    teeth        The    layout    of 

tooth    forms  and   the   determination    of   the    velocity    ratios.      Layout   of  bevel   gear 

tooth    forms  by    rredgold's  method.      Approximate  methods   and  practical   rules   for 

nJhYnf  t     HgCar,tCrth-      Det.erm>nation  of   paths  of  contact,   obliquity  of  motion, 

length  of  teeth,   interferences  in  involute   gearing.      Determination  of  the  necessary^ 

SSftS.01!!***    inter5ha"g<*l»."ty    in   sets   of   cycloidal    and    involute   gears   and   com- 

SS!23    kfu-116  TSySte?'    r\r\cU(]n.   ^ars.       Kinematics    of    belt    drive.       Open    and 

crossed   belts       Layout   of  belt   drives  and   rope   drives,   sprocket   wheels   and   chain 

ttZfanSm*  '    Changmg    devlCes    usinS    wrapping  connections.      Text:    Dunkerley's 

Second  year  Mechanical  and   third   year    Electrical   Engineering. 

forM,El,stuSlnte)e  Math'   3"4    (35  mUSt   parallel  59>  59   P«-requisite  for  26, 

37— Machine  Design,  i  hour,  2  afternoons,  first  half-year.  Pro- 
fessor Rautenstrauch. 

Adapted  from  M.E.  39-40. 

Fourth  year   Chemical   Engineers. 
Pre-requisite:     Drafting  7. 

39-40— Machine  Design.  3  hours,  1  afternoon,  first  half-year, 
3  afternoons,  second  half  year.     Professor  Rautenstrauch. 

Analysis  of  stress  in  machine  parts  of  standard  form  under  varying  conditions 
of  service  and  the  proportions  of  the  machine  elements  to  safely  resist  the  result- 
ing stresses— Application  of  the  principles  of  Kinematics,  Resistance  of  Materials, 
Design  of  Machine  Elements,  Shop  and  Foundry  Methods  to  the  design  and 
analysis  of  complete  machines.  Examination  of  machines  to  determine  the  nature 
and  distribution  of  the  forces  acting  on  and  the  resulting  stresses  and  strains  in 
each  element  due  to  kinetic  and  structural  conditions.  Selection  of  working 
stresses  for  machine  parts  subject  to  steady,  repeated  and  reversed  stresses.  Selec- 
tion of  materials  for  machine  parts  based  on  their  adaptability  to  the  service  and 
to  the  shop  processes  by  which  the  part  must  be  made.  Determination  of  the 
proportions  of  machine  parts  subjected  to  tension,  compression,  and  shear;  bend- 
ing and  torsion;  combined  bending  and  tension,  bending  and  torsion,  torsion  and 
compression,  buckling  action,  and  stresses  due  to  eccentric  loading  and  complex 
supports.  Illustrated  in  the  design  of  crank  shafts,  machine  frames,  housings  and 
connecting  rods.  Gear  wheels,  pulleys,  flywheels,  springs,  riveted  joints,  thin  and 
thick  cylinders,  braces  and  stays,  flat  plate  members,  pressure  joints,  screws,  belt- 
ing, rope  and  chain  drives  for  power  transmission.  Bearing  surfaces,  flat,  cylindri- 
cal, pivot,  ball,  roller,  thrust.  Application  of  theory  of  elasticity  to  the  more 
complicated  elements.  Grouping  ot  machine  elements  into  machines  for  functional 
operation,  erection,  adjustment,  maintenance  and  repair  and  modifications  de- 
manded by  facilities  for  manufacture.  Design  of  machines  to  specification,  with 
particular  reference  to  modern  requirements.  Text:  Spooner's  Machine  Design. 
Third  year  Mechanical  Engineers. 
Pre-requisites:  M.   E.  35-36.      Must  parallel  C.   E.   53. 

41 — Machine  Design.    1  hour  and  1  afternoon.     Professor  Thomas. 

A  short  course  adapted  from  M.  E.  39-40. 

Fourth   year  Civil  and  third  year  Electrical   Engineering. 

Prerequisites:   C.E.  53  for  C.E.     M.E.  35-36  for  E.E.     Must  parallel  C.E.  53 
for  E.E. 

45-46 — Hydraulic  Turbines.     3  hours.     Mr.  Herrick. 

Description  of  operating  conditions  of  water  turbines — Principles  of  design  and 
economy  of  operation  of  turbine  wheels  and  water  power  plants — Action  of  water 
on  curved  vanes,  forces  developed  and  effect  of  impact,  work  done;  centrifugal 
action.  Theory  of  the  turbine.  Vane  form  and  arrangement;  total  work  done  for 
axial,  radial  and  mixed  flow  wheels;  dependence  of  velocity  of  flow  on  speed  of 
rotation;  losses  of  energy  due  to  friction  in  guide  passages,  wheel  buckets  and 
sluice,  chock,  leakage,  residual  velocity.  Design  of  reaction  turbines;  relation 
between  pressure  and  velocity  of  flow;  methods  of  determining  passage  areas;  radii 
of  wheels,  width  and  depth  of  buckets,  number  and  thickness  of  vanes.  Application 
of    the   theory    of   axial    flow,    parallel    flow   and   mixed   flow    turbines.      Tangential 
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ti,rl,i„es  of  varies  types.  li.Sing  w"t7r'  p"^  '  ,am,  ofMan.d  "Pe™e„ts  with 
turbines;  ideal  action  of  direct  acting  governor  and  d'sturhin^  infl™   sovernors   '.°r 

M.L.  60,  C.E.  78;  for  Civil  Engineers,  M.E.  77,  M.E.  78,  C.E.75,  M  E '.63 

50  or  53— Steam  Turbines.     3  hours.     Professor 

-JW8i*r»  Rvrs  rd  Its,  A^-- 

active  force  jets,   effect  of  variation    nf  V...  urbines— Ratio   of  impulse  to   re- 

passages.  Flow  'of  stea:n  thro"  g  n  nozzle "a ^  l'turb  ne  n.s^f8'  T"  and  d°Sed 
temperature,  quality,  weieht  veWitv  »n,i  u-  tu.rbine  Passages,,  volume,  pressure, 
effect  of  steam  mov ng ^  in"  a' curved  nafh  S  S'nfT87  «*■*»■■  Centrifugal 
types    of    turbines.       Graded    pressure    t ..Vhinic    y„    Vie   "f  -°f   Steam-  in  varying 

turbines.      ^t&f^^^rtgSZ^&T™      ^    ^^^   of 
fourth    year   Mechanical    (50)    and    Electrical'  Engineering    (53) 
f.Pr£re?U1S1,te!:     -For     Mechanical     Engineers,     M.E      17-18      M*     E     31  3?  • 
for   Electrical   Engineers,    M.   E.   17-18,   M.    E.   76.  ' 

52— Organization  and  Management.     3  hours.    Professor  Rauten- 

STRAUCH. 

Manufacturing  Organizations  and  Methods  of  Cost  Accounting— Fffect  of 
methods  of  manufacture  and  capacity  on  systems  of  manageiien  of  m  Us  and 
factories.  Analysis  of  the  elements  of  factory  accounting  and  determina  on  of 
fte  S°nf  »"K  I"'0  ^  r08-*  °^  P**~*»-  Methods8  for  keeping  record  o 
rnYL.-™  f  'abt.r  and  materials  in  the  production  of  specific  articles.  The  deter- 
mination of  establishment  charges.  Interpretation  of  costs  and  use  of  comparative 
values.  Determination  of  the  depreciation  of  buildings,  machinery  Patterns  draw 
ings  and  other  assets.  Organization  and  function?  of  the  departments  'of the 
',nCSS-  A,P.l!rCiiaSe  r°f,  ruaw  "atrial  a"d  sale  of  product.  Utilization  of  scrap  and 
waste.  Methods  of  labor  compensation.  Critical  analysis  of  the  methods  of 
accounting  in  representative  factories.  Factors  affecting* the  cos  of  production 
TVvthnnte  TP«>  1%**™  °f ■  or^nization,  forms  and  methods  of  accoun ting 
zaUon,   Dfemer  "  Engtneertng,  Going;  Industrial  Plants,  Day;  Factory  oTganl 

Fourth  year  Mechanical  Engineering. 

Pre-requisites:    M.E.  94S,  M.E.  54. 

54— Shop  Processes,  Tools  and  Time  Study.    2  hours.   Mr.  Halsey. 

foiheT7-E9°i,n0ric  EJlements,  in  Shop  Processes,  Time  and  Power  per  Unit  of  Sur- 
Mnst  FVnnned-  °P  S*  ^d  P£"  Unit  °.f  Metal  Removed  with  the  Conditions  for 
tJols  anTHit,  nf°dUCt,0n~Pr0CefSeS-in  th?  Sh°p,'  Wtional  operation  of  machine 
nifhinA  !*  °  economic  production,  time,  of  setting,  handling,  forming  and 
Jnnslnc  ?f  Part.s.(or  Job  and  repetition  work  in  quantity.  Limits  of  time,  power 
and  cost  for  finishing  surfaces  per  sq.  in.  and  removing  per  cu.  in.  and  per  lb.  by 
hand  and  machine  operations.  Machines  for  performing  specific  operations  their 
functional  operation  capacities,  adaptability  and  rate  of  production.  Conditions 
warranting  jigs  and  fixtures  for  the  production  of  parts  in  quantity  and  for  inter- 
changeability.  Economy  of  portable  tools,  devices  and  methods  of  inspection  The 
selection  of  economic  cutting  conditions  and  analysis  of  recent  experiments 
Adaptation  of  economic  cutting  speeds  to  machine  tools.  Labor-saving  devices  in 
the  pattern  shop,  tools  and  appliances  used,  capacity  and  adaptability;  built-up 
patterns,  single-piece  patterns,  metal  patterns,  comparative  cost  and  life  of  each- 
patterns   for  repetition   work,   rights  and   lefts,  a  line   of  sizes,   interchangeable  pat- 


terns,  jobbing  patterns,  relative  economy  of  alternating  practice.  Economic  pro- 
duction in  the  foundry,  relative  value  of  various  methods  of  molding  large  and 
small   parts,   core   making,   venting,   pouring   and   handling  the  work,   managing  the 
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JST'form^  ton    of  castings   as  affected  by   size 

Processes   of    forging,    hand   an    nncl.i    ?  I  I   loI<lln«  and   SuPola   and    finishing, 

hydraulic  presses?  bull-dozers,  pressed d  Is  and f«,V°n.?n „wa1rra-nt,n?  P°?er  ^mmerf, 
of  duplicate  and  standard  pieces?  Labo ^  aSd  oowe^  ofr  Ih^nV  /°r  the  »™^™ 
by  tools  size  and  form  of  work.  Heating  and  annLfi™  fcr°?  f°rg'ng  as  aCfec*<-'d 
gas    and   oil,    labor,    power   and    fuel    ocr    imf  I  ig  f^rnaces>  consumption  of 

machine  production  oetweer ^ff«t%^"S^  lafi?^^,  ««  ^  of 
of  shop  or  tool  capacity  factor  on  fixed  charges'  '    matcnal   and   effect 

Third    year    Mechanical    Engineering 

Pre-requisites  are  M.E.  94S,  T.  C.   Shopwork  and  M.E.  39. 

56— Hydraulic  Turbine  Installations,    i  hour.    Mr.  Herrick 

Selection    and    Arrangement    of    Water    Wheels     r.nv^m^rc    ~„a    a       •■• 
ances   for  Different  Local    Conditions,    ^aS^ol^S^mSviSS^rl   ^ 
istic    of    water    flow    through    turbine   guides     nLzIes    a  ,d    in?rl?,fF  ^haracter" 

ranting  wheel  classification,  efficiency  If  wheels  as  a  fi  nrt n f\  cond,tlons  mar- 
aud part  gate  operation,  effects  of  different  forms o c Je  nn  V^'  head'  fP^d 
value   of   standard    patterns   and   special   deSens   to %nit  ^i         efficiency     relative 

stand    pipes,    relief    valves    and    bye-passes      wafer    racks      a   clfor *  £S"t™ ;"*** 

»;eSs;iladypicalinsta,latio"s-  wa'»p»-f"„s,rrksfeArfcj';dp0^,,£S: 

Fourth    year    Electrical   Engineering. 

Pre-requisites:     C.    E.    77.      Parallel    course:     M.    E.    60. 

59— Empiric  Design.    2  hours  and  1  afternoon.    Professor  Thomas 

ioo°l>awZf  ISi^A  E^ii  ^thod*    a"d    the    Production    of 


of  SematerS  *  P^n^h  °f  the /"/^ces  to  be  overcome  and  the  characterist  c 
IKhilhv^fln  11'  b  '  ani  nbbed  CSSt  sectioils-  shrinkage  stresses  and  the 
probability  of  local  weaknesses.  Proportions  of  parts  by  modern  empirical  formulas 
Lt  MoffJ  considerations.  Limiting  conditions  in  the  Jse  of  empirical 
formulas.  Modern  practice  in  the  proportioning  of  machine  elements  Prnnor 
;r0fPfts,  ad°Pted  .by  the  Master  Car  Builders'  Association  Master  sS 
?m tZJt  I k"s'  Assoc,at'?n.  United  States.  Government,  numerous  manufacturing 
an"  V^lit^W^A  in  ^transactions  of  the  various  engineering  societies 
fc 
m 
dt 

Second  year  Mechanical   Engineering  and  third  year    Chemical   Engineering 
.Fre-requisites:     Drafting   1    or  2. 

60— Hydraulic  Laboratory.     1  hour  and   1   afternoon  for  one-half 
term.     Mr.  Herrick. 

rneffirw!  W-?£kr?Vhe  Fl™iu$  of  Water  for  the  Determination  of  Rational 
hnSw  St with  Ordinary  and  Extraordinary  Conditions— Flow  through  simple 
n°es  in  Plate  a?d  sIl0lt  tubes  under  low  heads.  Flow  through  convergent  nozzles 
?"dJ efe,dle  onfice-  t.  Flow  through  straight  pipe,  elbows  and  joints,  distribution 
across  the  cross  section  near  bends  with  velocity.  Flow  over  weirs.  Variation  of 
rectangular,  trapezoidal  and  triangular,  sharp  versus  dull  edge,  approach  contrac- 
tions, one  side,  both  sides  and  bottom.  Hook  gauge  measurements.  Measurement 
ot  quantity  flowing  by  Venturi  tube  and  Pitot  tube.  Variation  of  error  with  type 
pressure  drop,  and  size.  Loss  of  heads  by  sudden  enlargement  in  cross  section  in 
pipes  running  full.  Inertia  and  water  shock.  Water  wheels.  Variation  of  efficiency 
with  speed  and  head,  analysis  of  losses  in  nozzles,  bucket  and  friction.  Efficiency 
ot  the  Hydraulic  Ram  Test  for  reliability  on  commercial  water  meters.  Text: 
Lecture  Notes. 

Fourth   year   Electrical   Engineering  and  third  year  Mechanical  Engineering, 

Parallel    course:     For    Mechanical    Engineering   students,    C.    E.    78. 
Pre-requisite   for   Electrical   Engineering  students:     C.    E.    77. 

63— Hydraulic  Laboratory.     1   afternoon.     Mr.  Herrtck. 

A     more  complete  course  based  on  M.E.  60.     Fourth  year  Civil  Engineering. 
Parallel:     Hydraulics,    C.    E.   75. 
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64— Air  Machinery.     2  hours.    Mr.  Longacre. 

Structures,  Adaptability  and  Economy  of  Fans,  Air,  Gas  and  Vapor  Compressors 
Blowing  Engines  Jet  Blast  Apparatus  and  Important  Applications— Convecdon 
movement  of  air;  flow  of  air  through  orifices,  ducts,  pipes.  Mygrometric  conditions 
of  air  with  temperature  and  pressure  and  condensation  of  moifture  in  coZressed 
^l/,LCOT-eS,SOrS'  *>?«  and  construction;  work  of  compression  MEP  for 
single  and  multi  stage,  cylinder  ratios,  effects  of  intercooling.  Volumetric  efficiency 
of  compressors,  real  and  apparent.  Discharge  pipe  pressure  pulsa  Sns?  air  receS 
^''"T^T-  rece,v,e«-  A,r  ePd  valves,  poppet,  slide,  Corliss  and  ring  valvel 
suction  and  delivery,  differences  m  type  and  diameter  and  lift.  Steam  end  valve 
gears  and  cylinder  arrangement  Constant  and  variable  speed  compressor  villi 
gear  characteristics,  pressure  and  speed  controllers  and  governors  P  Analyses  of 
complete  compressor  economy  tests.  Dry  vacuum  air  pumps.  Blowing  engines 
special  forms  and  sizes  of.  air  end  valves  introduced  by  cylinders  of  large 
diameters  for  low  pressure  air.  Ammonia  and  carbonic  acid  compressors  °  pecufJ 
anties    and    methods   of   handling    liquid    in    the    vapor;    forms    and cTaracterfst  cs 

Cr?gpCev,nf^1  fanS  3cnd  SCr^ice-  ,  Analysis  of  efficiency  tests  for  fans  and 
blowers  Positive  blowers.  Steam  jet  blowers  and  exhausters,  thermal  efficiency 
Application  of  principles  to  ventilation  and  heating,  blast  furnace  practice  com- 
aTreSbS?akes.r  comPr«sed   gas   power   transmission  systems,   air   lift   pumps  and 

Third  year  Mechanical   Engineering. 
Prerequisite:    M.  E.   17. 

66 — Elevators  and  Conveyors.     1  hour.    Mr.  Moss. 

Mechanical  Handling  of  Solid  Materials  by  Standard  Elevating  and  Conveying 
KS  Characteristics,  Speed  Tonnage  and  H.P.  per  Ton,  Computations 'and 
Adaptability  to  Special  Service— Hand  handling  of  materials,  limits,  cost  and  con- 
ditions warranting  use  of  machinery.  Continuous  conveyors,  screw,  bucket,  scrap- 
ers pusher,  belt  and  pneumatic  types.  Intermittent  conveyors;  telephers,  rope 
h^L  ?  ♦•  WayS',  C,a,)l?  Car sc.  Loade,rs5  "nloaders,  storage  facilities.  Skips,  grab 
buckets  tips  and  t.pples.  Short  and  long  hoists,  friction  drum  hoists  and  direct 
connected  Pneumatic  and  hydraulic  elevators  for  freight.  Fixed  and  travelling 
cranes.  Passenger  elevators,  rope  and  plunger  types.  Safety  devices.  Automatic* 
weighers  of  materials;  coal  and  ore  storage  systems.  Excavating  machine  and 
dredges.  Coal  and  ore-handling  machinery.  Railroad  terminal  and  steamship 
loaders  and  unloadors.  Coke  oven  chargers  and  dischargers.  Grain  handling 
Special  adaptation  to  material,  such  as  sand,  plaster,  glass,  cement,  broken  rock, 
coal,  coke.  Packages  barrels  corrosive,  erosive,  sticky,  packing,  and  h  3t  materials. 
I  hird  year  Mechanical  Engineering. 
Pre-rcquisite:     M.   E.   39. 

70— Pumping  Machinery.    2  hours.     Mr.  Nickel. 

The  Mechanics  of  Moving  Liquids  and  Standard  Machinery  for  Pumping— Water 
elevators,  conditions  for  high  efficiency  and  limits  of  use.  Displacement,  piston 
and  plunger  pumps;  forms  and  functions  of  water  pistons  and  plungers,  pump 
bucket  forms  and  limits  of  use,  volumetric  efficiency  of  water  ends.  Valves  for 
water  end,  mechanical,  flap,  poppet,  ball,  annular,  fiat,  double  beat  type  and  rela- 
tion, adaptabihty  to  fluid,  speed  and  temperature;  forms  of  valve  seats,  conditions 
for  perfect  flow,  piston  speed  and  water  inertia.  Air  chambers.  Suction  limita- 
tions of  altitude,  water  temperature  and  absorbed  gases  and  acceleration.  Peculiari- 
ties of  high  pressure  work,  accumulators.  Fly-wheel  pumps,  steam  end  character- 
istics, relation  between  steam  and  water  diameters  and  displacements.  Direct  act- 
ing pumps,  valve  motion  in  single  types,  full  and  partial  steam  throw  valves  for 
simple,  compound  and  triple  use  of  steam.  Duplex  direct  acting  pumps,  structural 
and  operating  characteristics.  Economy  of  direct  acting  simple  and  multiple  ex- 
pansion pumps.  Centrifugal  and  turbine  pumps,  forms  and  operative  character- 
istics. High  duty  pumping  engines,  conditions  for  maximum  duty  referred  to 
steam  and  coal;  pumping  engine  tests,  methods  of  conducting  and  analysis  of 
results  obtained.  Typical  pumping  engine  installations.  Pulsometer  pumps.  Jet 
apparatus,  injectors,  ejectors  and  eductors,  construction  and  duty  as  pumps. 
Water  relief  valves,  pressure  and  float  pump  governors.  Text:  Pumping  Ma- 
aiinery,    Greene. 

Third  year  Mechanical  Engineering. 

Prerequisite:      M.   E.  17.     Parallel    C.   E.  78. 

72— Gas  Power  Machinery.  2  hours  and  1  afternoon.  Professor 
Lucke  and  Mr.  Thurston. 

Short  course  adapted   from   M.  E.   22. 

Fourth    year    Electrical    and    Metallurgical    Engineering. 
Pre-requisite:     M.    E.    17-18. 
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74— Gas  Power  Machinery,    a  hours.     Professor  Lucre 
Same  aa  72  except  for  .!,,  laboratory  time  r°iessor  LUCKE- 

Pourth  year  fanta-  Engineering? 

I  ic-rcquisite:     M.    E.    17-18. 

hCS^!^*"  am' "  aftcr"oon-  Prof—  p^  Mr- 

Short  course  adapted  from  M.  E.  31    32    33 

thSlyte,aryEarEMCtallUrgiCaI'   Wih  ^  Chemical,   fourth  year   Sanitary,  and 
^requisite    for    E.    E.,    Chemical    and    Metallurgical:     M.    E.    13-14    and 

77-Standard  Tests,    i  hour  and  i  afternoon.    Professor  Parr   Mr 
Herrick  and  Mr.  Wieser.  ™icssor  ^arr,  Mr. 

Short  course  adapted   from  M.  E.   31    32    33 

for  Electrical   Engineers,  ME    17™8       Englneers:  M'  E-  13'14  and  M.  E.  17; 

78-Kinematics.    i  afternoon.    Professor  Thomas 

Short  course  adopted  from  M.  E.  36 

third  year  Civil  Engineering.  Sanitary.     Pre-requisite:  Math.  3-4. 

non^T*™^1  Mechanical  Laboratory,     i   hour  and  i  after- 
noon.    Professor  Parr. 

^^^Z^^^Tr^^^i^^^^^  *•*  -d  instruction 

nation  of  mechanical  efficiency  of  a  steam ^nZe  Fnr}^^  5y  ^he  determi' 
stopping  and  operating  steam  en^nef  steam  nln.-eCt  methods  for  starting, 
internal  combustion  engines  Valve  setting  „  P  J?PS'  air  comPressors,  fans  and 
pumps.  Variation  of  stefm  consumption  wi?h  ftea,m.  engines  and  direct  acting 
Variation  of  horsepower te  compress  one  thnJaiS  'V  fmple,steam  engine 
minute  with  discharge  air  pressZ  VS  ti  n  f  1  CUblC  feet  of  free  air  per 
acting  pump  with  pumping  head  VarSfoS  o?  «!  ^  co^umption  of  a  direct 
with  load  MeasuremL/of  water  flow  b?  nLfns  of  ^welrl"*  °V  ^^  eCOnomy 
tubes,    orifices,    recording  water   meters   nfvfil   °  irSJ  ven.tun   meters,   pitot 

the  determination  of  the ^limkfof  uSnlnL  fn°  S  type  an^  weigning  tanks,  and 
Power  Plant    Testing,   MoyeV?   Lecture   Notes?  ^  °f  eadl  meth°d'     Texts: 

Third  year  Mining  Engineering. 

Pre-requisite:    M.  E.  13.     Parallel  course:    M.  E.   14. 

82— Heating  and  Ventilation.     3  hours 

^yl&L^^l^^&^f  £  lllZTf  Applied  t0  Wa^in* 

thermostatic  regulation  systems  and  mportan  details^^Fffi^n^'  the/mos^ts' 
systems  and  analysis  of  existing  installations.  Efficiencies    of    various 

Fourth  year  Sanitary  Engineering,  M.  E.  17. 

94S— Shop  and  Factory  Summer  Work.    Professor  Thomas 
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size  of  tools  used.  Report  on  specific  observations  on  time  of  setting  work,  time 
of  forming  and  finishing,  number  of  pieces  turned  out  per  hour.  Facilities  for 
handling  work  at  the  machine.  Facilities  for  producing  pieces  in  quantity.  Hand 
processes  for  finishing  and  tools  used. 

Pattern  Shop.  Materials  of  which  patterns  are  made  and  methods  of  treating. 
Machine  tools  used  in  the  pattern  shop  arrangement,  capacities,  adaptability,  han- 
ding and  storing  of  material  and  finished  product. 

Foundry  and  Forge,  Description  of  hand  and  machine  tools  and  appliances  used 
in  the  foundry  and  forge.  Compositing  and  treatment  of  foundry  sands.  Methods 
of  molding.  Time  involved.  Methods  of  powering,  venting  and  chilling,  cooling 
and  finishing,  handling  the  cupola.  Composition  of  the  charges  and  mixtures, 
temperatures,  pressures,  time  required  to  charge,  to  melt,  to  pour,  cool  and  clean. 
Appliances  in  the  forge  shop.  Operation  of  power  hammers,  bull-dozers,  shears, 
heating  and  annealing  furnaces  and  hand  processes  of  forging.  Time  involved  in 
production. 

Drafting  Room.  Standards  and  conventions  used.  Filing  and  marking  of 
drawings  and  recording  of  patterns.  Bills  of  material — parts  to  be  made — standard 
parts  in  stock. 

General  Management  and  Organization.  Methods  of  recording  time  of  workmen 
and  their  time  distribution  over  on  different  jobs.  Paying  of  men,  methods,  rates, 
forms  and  records  used.  Drawing  of  materials  used  from  storeroom  and  charging 
to  orders. 

Pre-requisite  course  is  second  year  shop  work. 

96S— Steam  Power  Plant,  Summer  Work.     Professor  

Report  based  on  not  less  than  six  weeks'  practical  work  in  an  Operating  Power 
Plant,  including  the  Output,  Load  Conditions,  Labor  and  Material  for  Operation 
and  Maintenance,  Operating  Cost  per  Unit  and  the  Essential  Dimensional  Rela- 
tions between  the  Various  Units  and  Auxiliaries  Producing  this  Result — This  work 
is  done  entirely  by  the  student  in  the  field,  his  only  assistance  being  the  blank 
report  form  which  is  put  in  his  hands  after  a  brief  lecture  on  leaving  the  Uni- 
versity for  the  vacation. 

Third  year  Mechanical  Engineering.    Pre-requisite  courses:  M.  E.  17-18,  31-32. 

97 — Mechanical  Apparatus  for  Chemical  Factories.  5  hours  for 
10  weeks  in  First  Term.     Professor  Thomas. 

Characteristics  of  the  principal  types  of  machinery  and  mechanical  apparatus 
used  by  the  manufacturers  of  chemical  products,  including  the  fundamental  prin- 
ciples upon  which  their  design  is  based,  the  method  of  operation,  the  selection 
and  installation  to  meet  given  conditions  of  service,  size  and  capacity  of  each 
unit,  and  economical  arrangement  of  the  plant.  Pumping  machinery;  direct  acting 
steam,  simple,  compound  and  triple  expansion,  belt  and  motor  driven  piston  and 
plunger  pumps.  Centrifugal  and  turbine  pumps;  single  and  multi-stage,  screw  and 
rotary  pumps.  Jet  apparatus;  injectors,  ejectors,  steam  and  water  jet  blowers. 
Hydraulic  presses;  accumulators,  heavy  hydraulic  apparatus.  Air  machinery:  fans, 
blowers,  positive  blowers,  turbo-compressors,  piston  compressors  for  single  and 
multi-stage  compression,  intercoolers,  regulating  devices  and  unloaders.  Hydraulic 
compressors.  Blowing  engines.  Rotary  and  plunger  types  of  vacuum  pumps,  air 
lift  pumps.  Refrigerating  machinery;  compression  and  absorption  systems  using 
ammonia.  Dense  air  and  carbonic  acid  machines.  Ice  making  by  can  and  plate 
systems.  Compressors,  condensers,  stills,  brine  coolers  and  other  units  in  refrigerat- 
ing plants.  Methods  employed  in  the  transportation  of  solid  materials;  elevating  and 
conveying  machinery,  continuous  and  intermittent  conveyors,  loaders,  unloaders, 
adaptability  of  system  to  material  to  be  handled;  hydraulic  and  pneumatic  systems 
of  transportation.  Crushing  and  grinding  machinery;  methods  employed  for  dry 
and  wet  processes,  the  handling  of  hard  and  soft  materials;  jaw,  gyratory  and  roll 
crushers;  roll,  tube  and  ball  mills  for  fine  grinding,  burr-stone  mills.  Separating 
and  screening  machinery;  construction  and  operation  of  the  types  used  in  wet  and 
dry  processes;  centrifugal  and  shaking  screens,  bolting  reels.  Mixing  machinery  for 
dry  plastic  and  wet  material,  mixing  tanks,  beating  engines.  Drying  machinery; 
classification  of  apparatus  for  obtaining  different  degrees  of  dryness;  construction 
and  operation  of  suction  apparatus,  press  rolls,  steam  driers  for  paper,  kilns  for 
cement,  wood,  pottery,  by  means  of  air  currents.  Humidifiers.  Washing  and  boiling 
machinery;  washing  engines,  digesters,  kiers.  Recording  apparatus.  Regulating 
apparatus  for  pressures  and  temperatures.  Measuring  apparatus  for  water,  gas  and 
steam,  weighing  machinery  for  solid  materials.  Pipe,  pipe  fittings,  valves,  conduits 
and  ducts. 

Precedes  and  forms  sequence  with  Chemistry  197.     Fourth  year  students  in 
Chemical    Engineering.      Pre-requisites:     M.   E.    11    and   12,    17  and   18. 
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Courses  which  may  be  Credited  to  the  Degree  of  A.M.  for  Graduate 
Work  Under  the  Faculty  of  Pure  Science 

Open  only  to  students  of  Pure  Science  who  have  satisfied  the  pre- 
requisites. L 

ii7--Engineering  Thermodynamics.  2  hours.  Similar  to  M  E  17 
and  subject  to  the  same  pre-requisites  to  entrance.  One-half  course 
Professor  Lucke. 

118-Engineering  Thermodynamics.  2  hours.  Similar  to  M  E  18 
and  subject  to  the  same  pre-requisites  to  entrance.  One-half  course' 
Professor  Lucke. 

119-Engine  Design.  3  hours  and  2  afternoons.  Similar  to  M  E  19 
and  subject  to  the  same  pre-requisites  to  entrance.  Double  course' 
Professor  Rautenstrauch. 


i20--Engine  Design.    3  hours  and  2  afternoons.    Similar  to  M  E  20 
id  subject  to  the  same  1 
Professor  Rautenstrauch. 
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and ^ subject  to  the  same  pre-requisites  to  entrance.     Double  cour 


™I-Gas-P™e*  Machinery.  4  hours  and  1  afternoon.  Similar  to 
M.E.  21  and  subject  to  the  same  pre-requisites  to  entrance.  Double 
course.    Professor  Lucke. 

125 -Steam  Power.  2  hours  and  1  afternoon.  Similar  to  M.E  25, 
and  subject  to  the  same  pre-requisites  to  entrance.  Double  course 
Professor 

126-Steam  Power.  2  hours  and  2  afternoons.  Similar  to  M  E  26, 
and  subject  to  same  pre-requisites  to  entrance.  Double  course  Pro- 
fessor   

/^i— Mechanical  Laboratory.  1  hour  and  1  afternoon.  Similar  to 
M.E.  31,  and  subject  to  same  pre-requisites  to  entrance.  One-half 
course.     Professor  Parr. 

132-Mechanical  Laboratory.  1  hour  and  1  afternoon.  Similar  to 
M.E.  32,  and  subject  to  same  pre-requisites  to  entrance.  One-half 
course.    Professor  Parr. 

?/r37MeChaniCal  Laboratory-  2  hours  and  1  afternoon.  Similar 
to  M.E.  33,  and  subject  to  same  pre-requisites  to  entrance.  Full  course 
Professor  Parr. 

145— Water-Power  Machinery.  3  hours.  Similar  to  M.E.  45,  and 
subject  to  same  pre-requisites  to  entrance.    Full  course.     Mr.  Herrick. 

160— Hydraulic  Laboratory.  1  afternoon.  Similar  to  M.E.  60,  and 
subject  to  same  pre-requisites  to  entrance.  One-half  course  Mr 
Herrick. 
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139 — Machine  Design.  1  hour  and  1  afternoon.  Similar  to  M.E.  39, 
and  subject  to  same  pre-requisites  to  entrance.  Double  course.  Pro- 
fessor Rautenstrauch. 

140 — Machine  Design.  3  afternoons.  Similar  to  M.E.  40,  and  sub- 
ject to  same  pre-requisites  to  entrance.  Double  course.  Professor 
Rautenstrauch. 

152 — Organization  and  Management.  1  hour.  Similar  to  M.E.  52, 
and  subject  to  same  pre-requisites  to  entrance.  One-half  course.  Pro- 
fessor Rautenstrauch. 

166— Elevators  and  Conveyors.  1  hour.  Similar  to  M.E.  66,  and 
subject  to  same  pre-requisites  to  entrance.    One-half  course.    Mr.  Moss. 

170 — Pumping  Machinery.  2  hours.  Similar  to  M.E.  70,  and  sub- 
ject to  same  pre-requisites  to  entrance.    One-half  course.    Mr.  Nickel. 

164— Air  Machinery.  2  hours.  Similar  to  M.E.  64,  and  subject  to 
same  pre-requisites  to  entrance.     One-half  course.     Mr.  Longacre. 

Note:  Full  course  =  10  hours  a  week,  including  outside  reading,  preparation,  etc. 
Double  course  ==  more  than  10  hours  a  week. 

METALLURGY 

101— General  Metallurgy.  3  hours  first  half  of  term.  Professor 
Kern. 

An  introduction  to  general  metallurgy;  consideration  of  the  methods.  Object  of 
the  metallurgist,  and  application  of  physics  and  chemistry  to  the  extraction,  and  to 
the  treatment  of  the  commoner  metals.  General  classification  of  processes.  Classifi- 
cation of  fuels,  and  the  selection  of  the  most  suitable  fuels  for  certain  purposes. 
The  calorific  value,  and  the  temperature  of  combustion,  of  fuels.  Preparation  of 
charcoal  and  coke,  and  the  recovery  and  utilization  of  their  by-products.  Artificial 
gaseous  fuels,  their  preparation  and  metallurgical  utilization.  Properties  of  gases, 
and  the  metallurgical  application  of  the  laws  of  gases.  Classification  of  furnaces] 
and  the  types  of  furnaces  for  specific  purposes.  Refractory  materials,  and  their 
use  in  the  construction  of  furnaces.  Transmission  of  heat  and  the  thermal  effi- 
ciency of  furnaces.  Calculation  of  height,  sectional  areas,  capacity  and  drafts  of 
chimneys.  Fuel  economizers,  and  their  application  to  metallurgical  furnaces.  High 
temperature  measurements. 

Third   year    students    in    Metallurgical    Engineering.      Fourth    year   students, 

Mining    Engineering,     Chemical     Engineering    and    Chemistry.       Pre-requisite: 

Chemistry  3  or  4  and   Physics  3-4-5. 

in— Metallurgy  of  Copper.  3  hours,  second  half  of  term.  Pro- 
fessor Kern. 

The  production  of  copper,  its  uses,  and  consumption.  Properties  of  copper  and 
its  alloys.  The  ores  of  copper,  and  distribution.  Characteristics  of  ores  of  the 
principal  districts.  Sampling,  and  preparation  of  copper  ores  for  treatment,  and 
cost  of  different  methods  of  sampling.  General  outline  of  the  metallurgy  of  cop- 
per. Roasting  of  copper  ores;  purposes;  chemistry;  and  methods  of  roasting.  The 
advantages,  disadvantages,  and  comparative  cost  of  roasting  processes.  Introduction 
to  smelting  copper  ores  in  reverberatory,  and  in  blast  furnaces.  Composition, 
physical  properties,  and  characteristics  of  furnace  products;  blister  copper,  black- 
copper,  mattes,  speiss,  slag,  and  flue-dust.  Smelting  in  reverberatory  furnaces; 
construction  of  reverberatory  smelting  furnaces,  their  capacity  and  efficiency. 
Calculation  of  reverberatory  furnace  charges.  Converting  of  copper  matte  in 
reverberatory  furnaces.  Smelting  of  copper  ores  in  blast-furnaces.  Calculation 
of  blast-furnace  charges.     "Pyrite"  or  "Raw  Ore"  Smelting.     Converting  of  copper 
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matte  by  the  Malines  process.  Apparatus  required  for  converting  copper  matte. 
Refining  of  blister  copper,  black-copper,  and  cement-copper.  Smelting  of  typical 
copper  ores,  producing  ingot  copper;  the  handling,  and  the  disposition  of  the  fur- 
nace  products;  cost  of  treatment. 

Third  year  students  in   Metallurgical    Engineering.      Fourth   year  students  In 

Mining    Engineering,     Chemical    Engineering    and    Chemistry.       Pre-requisite: 

Metallurgy  101. 

1 18— Metallurgy  of  Copper.  1  hour.     Professor  Kern. 

Advanced  Course.  Treatment  of  low-grade  ores,  and  of  copper-silver  ores  by 
leaching.  Recovery  of  copper  from  mine-water.  Utilization  of  furnace-gas  for  the 
production  of  sulphuric  acid.  Treatment  of  copper-nickel  ores.  Treatment  of 
sneiss.  Metallurgical  calculations  of  roasting  and  smelting  operations.  Application 
of  thermo-chemistry  to  roasting,  smelting  and  converting,  and  to  calculations  of 
furnace  efficiencies.     Purchasing  of  copper  ores  and  fluxes. 

Fourth  year  students  in  Metallurgical  Engineering.  Pre-requisite:  Met- 
allurgy 111. 

122— Metallurgy  of  Lead,  Silver,  Gold  and  Zinc.  3  hours.  Pro- 
fessor Walker. 

Properties  of  lead,  its  compounds  and  alloys.  Classification  of  ores.  Production 
and  uses  of  lead.  Outline  of  the  metallurgical  treatment  of  lead  ores.  Smelting 
in  the  reverberatory  furnaces;  in  the  ore-hearth.  Blast  furnace  practice  for  smelt- 
ing lead  ores.  Roasting  in  hand  and  mechanical  furnaces.  Various  pot-roasting 
processes  and  sintering  machines.  Smelting  operations;  construction  of  furnaces; 
calculation  of  charge;  disposition,  handling  and  treatment  of  by-products.  De- 
silverization  of  lead  bullion.  Influence  of  impurities  and  elimination  of  same. 
Cupellation  of  rich  lead  alloys  and  ores.  Treatment  of  Dore.  Silver.  Its  proper- 
ties, compounds,  alloys,  etc.  Direct  amalgamation  of  silver  ores.  Hydro-metal- 
lurgical processes  for  treatment  of  silver  ores;  Ziervogel,  Patera,  etc.  Gold. 
Properties,  etc.  Amalgamation  of  gold  ores.  Chlorination  processes.  Cyaniding 
of  gold  ores;  laboratory  tests,  and  chemistry  of  the  process;  modern  practice, 
description  of  existing  plants.  Refining  and  parting  of  gold  and  silver  bullion. 
Zinc.  Properties,  ores,  etc.  Calcination  and  roasting  of  zinc  ores.  Retorting 
furnaces.  Manufacture  of  retorts;  retorting  practice  and  chemistry  of  same. 
Refining  of  zinc. 

Third  year  students  in  Metallurgical   Engineering.      Fourth  year  students  in 

Mining    Engineering,     Chemical    Engineering    and     Chemistry.       Pre-requisite: 

Metallurgy  111. 

128 — Metallurgy  of  Lead,  Silver,  Gold,  Zinc  and  the  Minor  Metals. 
1  hour.    Professor  Walker. 

Advanced  Course.  Methods  of  receiving  and  sampling  different  classes  of  ore. 
Purchasing  of  ore  of  varying  compositions.  General  construction  of  furnaces,  and 
design  of  smelting  plants.  Organization  of  smelting  plants;  metallurgical  book- 
keeping, cost  sheets,   etc. 

Fourth  year  students  in  Metallurgical  Engineering.  Pre-requisite:  Metal- 
lurgy 122. 

131 — Metallurgy  of  Iron  and  Steel.     1  hour.   Professor  Walker. 

Manufacture  of  iron  and  steel.  Blast  furnace.  Puddling.  _  Cementation. 
Crucible  process.  Bessemer  process.  Open  hearth  precess.  Statistics.  Iron  and 
steel  casting.  Effect  of  heat  treatment.  Effect  of  mechanical  treatment.  Malle- 
able cast  iron.  Standard  specifications.  Constitution  of  iron  and  steel.  Relation 
to  physical  properties.  Change  of  structure  with  heat  and  mechanical  treatment. 
Alloy  steels.      Corrosion. 

Fourth  year  students  in  Mining,  Metallurgical,  Chemical  Engineering,  and 
Chemistry.  Pre-requisite:  Chemistry  3  or  4  and  Physics  3-4-5.  Pre-requisite 
or  parallel:  Metallurgy  101. 

134 — Metallurgy  of  Iron  and  Steel.  2  hours.  Professors  Walker 
and  Campbell. 

Introduction,  literature,  scheme  of  iron  and  steel  manufacture.  Definitions: 
iron,  steel,  cast  iron,  etc.  Relations  of  carbon  and  iron.  Development  of  the 
industry.  The  blast  furnace,  iron  ores,  fuels,  fluxes,  smelting  practice,  products. 
Processes  for  purification  of  pig  iron.  Manufacture  of  wrought  iron  and  crucible 
steel.  Puddling,  charcoal  hearths,  fineries.  Cementation,  blister  steel.  Crucible 
process.  Bessemer  process,  acid  and  basic.  Siemens-Martin  or  Open  Hearth 
process,    acid   and    basic;    fuels   and    regeneration.      Defects    in    ingots    and    other 
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iron,     cupola    and     air     furnace        Allot    Im"     iviii  ?■'      Mal,eable   cast 

chrome;    tungsten,  etc.     s5fi£h£!£  'fcjCSfed'Sffi     Vanadlum'     manganese; 

138-Metallurgy  of  Iron  and  Steel.     1  hour.    Professor  Campbell 

lur'gy"l3i.year  S'UdenlS  iD   •Cw,"Xfc^    Engineering.     Pre-requisite:    Metal- 
141— Electrometallurgy.     1  hour.     Professor  Kern 

mwmmmmmm 

3ft  "eoiSuc^rinr^i^S^'"^  *"°-  "*S  V^'fu^ 
.  I-ourth  year  students  in  Mining  and  Metallurgical  Engineering  and  Chem- 
istry.    Prerequisite:     Chemistry  3  or  4  and  Physics  3-4-5 

148— Electrometallurgy.  1  hour  conference.     Professor  Kern 

r.^llV2nC.ed  Cou,se-«;  Construction  of  electrolytic  refineries;  calculations  of  cur- 
rent, and  power  efficiencies.  Selection  of  most  suitable  electrolyte  and  mnlt 
economical  current  density.  Labor-saving  appliances.  Electrol  He  deposifio™  of 
copper  lead,  zinc,  nicke  gold  and  silver  from  solutions  obtained  by  leacliing  the°r 
ores  Production  of  solid  deposits,  and  laws  governing  the  same.  Lie  of  current 
density  ,n  the  electrolysis  of  aqueous  and  fused  electrolytes,  and  in  the  operatfon 
elect  oCtheCrm^rnaCCd-  ,A?*hca?on  of  thermochemical  calculations  to  electrofyd" 
e  ectro-thermic,  and  electric  furnace  operations.  Calculation  of  efficiencies  of 
electric    furnaces  and  of  electro-thermic  operations.  tmciencies    ot 

lurgyU141.year   Students   in    Metallurgical    Engineering.      Pre-requisite:    Metal- 

151— Constitution  and  Properties  of  Alloys.     2  hours.     Professor 
Campbell. 

Pyrometry   and    freezing  point  or   cooling   curves.     Various  types  of  curves  and 

the  r  meaning.      Examples  of  the  same.      Constitution   of  the  various  binary  alleys 

Methods   of  manufacture  of  commercial  alloys.      Ternary  alloys.      The   phase TrSI' 

SS&tSSSJSAS^^   PUrC   ^^   ^oyS,ybronZe,ebrahSasS,estel!: 

lur1^Ul?l;y?arrai;erMeLlTurg^eia3,LrgiCal    "*-*•      Prerequisite:    Metal- 

155-6— Metallography.    Iron,    Steel   and   Industrial   Alloys.     Six 
lectures  and  3  or  more  afternoons  laboratory.     Professor  Campbell. 

W^rhnn  2J  e*a™'in^on:     Comparison   of  good  and  bad  material;  wrought  iron, 

ron,      h"      eel  structural  steel    rail,  steel,  tool  steel,  etc.     Examination  of  brasses 

bronzes     bearing    metals    and    other    industrial    alloys.      Relation   between    chemica 

composition,   physical   properties   and   microstructure  oeiween    cnemical 

Pro-requisite:  S^SS^uSi^vS?   Engineering,    and    for   special   students. 

158— Advanced  Course  on  Constitution  and  Property  of  Alloys. 

1  hour.     Professor  Campbell. 

Fourth  year  students   in  Metallurgical   Engineering. 
Pre-requisite:    Metallurgy   151. 
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62S — Summer  Course  in  Non-Ferrous  Metallurgy.  Professor  Kern. 

For  description  see  page  37.  1  week  field  work  at  metallurgical  plants  during 
the  summer. 

Instruction  for  this  field  work  will  be  given  in  five  one-hour  conferences  during 
the  last  week  in  April. 

Third  year  students  in   Mining  Engineering. 

64S — Summer  Course  in  Ferrous  Metallurgy.  Professor  Campbell. 

For  description  see  page  37.     Third  year   students  in  Metallurgical  Engineering. 
Pre-requisite:    Metallurgy  101. 

66S — Summer  Course  in  Non-Ferrous  Metallurgy.  Professors 
Walker  and  Kern. 

For  description   see  page  37.     Third  year   students  in  Metallurgical   Engineering. 
Pre-requisite:    Metallurgy  122. 

72 — Metallurgical  Laboratory.  10  consecutive  afternoons,  second 
term.    Professor  Campbell  and  Professor  Kern. 

Calibration  of  Le  Chatelier  pyrometer.     Cyaniding  and  chlorination  of  gold  ores. 
Roasting   of   copper   matte,    and   use   of   pyrometer.      Desilverizing   of   base   bullion 
by  Parke's  process.     Microscopic  metallography.     Thermal  treatment  of  steels. 
Fourth   year  students   in   Mining  Engineering. 
Pre-requisite:   Metallurgy  111.     Parallel:    Metallurgy  122. 

171 — Metallurgical  Laboratory.  3  afternoons.  Professors  Walker, 
Campbell  and  Kern. 

Calibration  and  comparison  of  thermo-electric,  optical  and  radiation  pyrometers. 
Determination  of  the  calorific  power  of  fuels  by  the  Mahler-Berthelot  calorimeter. 
Microscopic  study  of  metals  and  alloys.  Thermal  and  mechanical  #  treatment  of 
steels.  Roasting  of  copper  matte,  and  use  of  pyrometer.  Production  of  blister 
copper  by  the  reaction  process.  Refining  of  blister  copper.  Desilverization  _  of 
base  bullion  by  Parke's  process.  Cyaniding  of  gold  and  silver  ores.  Chlorination 
of  gold  ores.  Electrolytic  refining  of  copper  and  lead  bullion.  Fusibility  of  slags 
and  refractory  materials.  p  _.«,,»« 

Fourth    year   students    in    Metallurgical    Engineering.      Parallel:    Metallurgy 
101  and  111. 

172 — Metallurgical  Laboratory.  2  afternoons.  Professors  Walker, 
Campbell  and  Kern. 

Special  investigation  in  some  subject  or  subjects  in  either  ferrous  or  non-ferrous 
metallurgy.     Subjects  are  similar  to  those  noted  under  the  head  of  Met.  201-202. 
Fourth  year   students  in   Metallurgical   Engineering. 
Pre-requisite:    Metallurgy  171. 

173-174— Metallurgical  Laboratory. 

Special   work   along   the  lines  indicated    under   the  head    of   Metallurgy   201-202. 
This   work    is   intermediate    between    that    of    Metallurgy    171    and    201-202    and    is 
designed    for   those    desiring   to  take    an    advanced    metallurgical    laboratory    course 
without  confining  themselves  to   special  research  work. 
Pre-requisite:     Metallurgy  171. 

175 — Metallurgical  Investigation.  1  hour  conferences.  Professors 
Walker  and  Campbell. 

Fourth  year   Metallurgical  Engineers.     Pre-requisite:   Metallurgy   122.     Pre- 
requisite or  parallel:   131,   141. 

77_Metallurgical  Plant  Construction.     Professor  Walker. 

General  design  of  metallurgical  plants  and  problems  entering  into  the  con- 
stiuction  of  same.  , 

Special  work  is  assigned  to  each  student,  which  is  carried  on  under  direct  and 
constant  supervision  in  the  drafting  room  and  laboratories.  The  experience  gained 
in  visits  to  metallurgical  plants  is  brought  into  practical  use. 

Fourth     year    Metallurgical     Engineers.       Pre-requisite:     Drafting    3-4,    7-8; 
Civil  Engineering  53;  Metallurgy  122,  64S  and  66S. 
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8i-Assaying.    2  hours,  3  afternoons.    Professor  Hall 

solutions;   gold,   silver   and   leadTullhnJ  §  '    COrrected   assays    and   cyanide 

82S-Summer  School  in  Assaying.    Professor  Hall. 
HALL."ASSaying*    2leCturesor  recitations.    2  afternoons.  Professor 

188— Assaying.    Advanced  course.    Professor  Hall. 

For  those   desiring   to   take   special   work   in   assaying- 
Pre-requisite:     Metallurgy  81   or  182L         assayinS- 

Graduate  Courses 
Special  courses,  consisting  of  original  research,  will  be  arranged  for 

Most^th1  T^f,  t0   their   individual   "eeds   «*  abilities. 

Most  of  these  researches  will  consist  of  work  in  the  departmental  lab- 
oratories but  others  will  consist  of  study,  and  still  others  of  work  in 
industrial  establishments. 

2\lf7n\neA?  Sh°r  "^  SUbJeCtS  are  Suited  t0  these  co^ses: 
lurl  as   LrT.lje  ""*  "   *"*  ^^   h   ^   metal" 

tes^g^et^^n^Se^r  "'   ^  Ca,°rifiC  ""  *  **  °< 

andnoS^7T;  .^T^0"  °f  the  temperatures  of  metallurgical 
and  other  industrial  high-temperature  operations  ■ 

On   Refractory   Materials:   Their   resistance  to 'heat  and  corrosion; 
their  tendency  to  slack;  their  contraction  and  expansion,  etc.; 

rt^rrf  -V  H  formatio»  Points,  melting  points,  flowing  points,  and 
their  density  and  viscosity  when  molten  ; 

(&)— In  the  Metallurgy  of  Copper: 

The   chemistry   of   roasting   processes,    such    as   the   elimination   of 
arsenic  and  sulphur;  chloridizing  and  sulphate  roasting,  etc. 

The  reactions  of  smelting  processes; 

Wet  methods  of  extraction; 

(c)~ In  the  Metallurgy  of  Lead,  Silver,   Gold,  etc  : 
(&rhe  pot-roasting  of  sulphides,  and  others  mentioned   above  under 

(d)—  In  the  Metallurgy  of  Iron  and  Steel: 
The   effect  of  various  constituents  on  Iron  and   Steel 
The  heat  and   mechanical   treatment   of   Iron  and   Steel;   effect  on 
physical  properties  and  microstructure. 
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The  study  of  alloy  steels  and  the  effect  of  heat  treatment. 
Case  hardening,  etc. 

(#)— In  Electro-metallurgy:  Testing  electro-metallurgical  principles, 
refining,  extraction  and  depositing  process; 

if)—  On  Alloys:  The  constitution  and  properties  of  alloys,  embrac- 
ing a  microscopic,  pyrometric  and  mechanical  or  physical  examination 
with  a  correlation  of  the  results; 

(g)—  In  Metallography:  Metallography  of  iron,  steel,  industrial  al- 
loys or  metallurgical  products,  as  mattes,  slags,  etc. 

Pre-requisite  for  201-202:   Metallurgy  122,  131,  141  and  171,  or  equivalent. 

MINERALOGY 

i-2— Descriptive  and  Determinative  Mineralogy.  3  hours  lectures 
throughout  the  year,  6  hours  laboratory  first  term,  3  hours  laboratory 
second  term.     Professors  Moses,  Luquer  and  Assistants. 

sta1ire,eleT^ntcSf„0/  c7s^"°graphy.     The  blowpipe  analysis  of  ores  and  other  sub- 
stances.    The  study  of  the  important  minerals,  the  purpose  being:    1st.  Sight  recoe- 
Rnni^  specimens    of    all    common    or    economically    important    spedef; 
l^iuXl^^^  *eci—   ^  sfmple  test's;    3d! 

couPrrseerfoqrU1s1ttud:enEtst ITuiniSt^^5  ""   **"**"  ^  PhySiCS'      ft"eriW 

5— The  Minerals  of  Building  Stones.  2  hours  lectures  and  1  after- 
noon laboratory.     Professor  Luquer  and  Assistant. 

Study  of  common  species,  their  properties,  methods  of  determination,  and  their 
economic  effect  on  building  stones. 

Pre-requisite:     Entrance    Chemistry    and    Physics.      Prescribed    for    students 
in   the    course    of    Civil    Engineering. 

6—  Optical  Mineralogy.  In  sections,  2  afternoons  per  week  for  first 
seven  weeks  of  term.     Professor  Luquer  and  Assistant. 

r^e-"tCiple^'  a.PP?,ratHs>  fnd  distinguishing  characters  of  minerals  in  thin  sections. 
Consists  principally  in  the  determination  of  minerals  in  rock  sections  by  the  aid 
ot  the  polarizing  microscope.  Supplements  Courses  5,  1-2  and  7-8  and  is  prelimi- 
nary to   Geology  4    (petrography). 

Pre-requisite:    Course   5,    or   part    of    Course    1-2,    or   7-8,    or   the    equivalent. 
Prescribed  for  students  in  Mining  and  Metallurgy. 

7-8— Descriptive  and  Determinative  Mineralogy.  3  hours  lectures, 
3  hours  laboratory.     Professors  Moses,  Luquer  and  Assistants. 

Modification   of  Mineralogy  1-2.     Lectures  identical,   laboratory  work  condensed. 
Prescribed   course   for  students   in   Metallurgy. 
Prerequisite:   Entrance   Chemistry  and   Physics. 

10— Mineralogy  and  Crystallography.  2  hours  lectures  and  3  hours 
laboratory.     Professor  Moses. 

Supplements  Mineralogy  15-16  by  first,  further  instruction  in  sight  recognition 
ot  increased  number  of  species;  second,  crystal  measurement  and  determination  of 
constants;  third,  the  study  and  determination  of  minerals  and  crystals  with  the 
polarizing  microscope. 

Pre-requisite:      Mineralogy    15-16.      Prescribed    for    third-year    students    in 
Chemistry. 

15-16— Determinative  Mineralogy.  3  hours  laboratory.  Professor 
Moses  and  Assistant. 

Sight  recognition  and  determination  of  minerals  important  in  the  chemical 
industries. 

Pre-requisite:    Entrance    Chemistry    and    Entrance    Physics.      Prescribed    for 
students  in  Chemistry  and  Chemical  Engineering. 
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MINING 
Undergraduate  Courses 

51— Excavation  and  Tunneling.  3  hours,  third  year.  Professor 
Peele. 

Excavation  of  earth:  tools  and  methods  employed,  support  of  excavations,  special 
methods  for  quicksand  and  other  water-bearing  material;  steam  shovels  and  other 
mechanical  excavators;  handling  and  transportation  of  excavated  material;  com- 
parative costs.  Explosives:  black  powder,  nitro-glycerine  and  its  compounds,  and 
other  high  explosives;  their  composition,  manufacture,  and  use.  Excavation  of 
rock:  methods  of  drilling  and  blasting  mammoth  blasts,  submarine  blastings.  Rail- 
road tunnels:  methods  of  driving  and  timbering;  handling  and  transportation  of 
excavated  material;  drainage  and  ventilation;  lining  of  tunnels,  subaqueous  tun- 
nels. Mine  tunnels;  examples  from  practice;  sizes,  details  of  driving,  timbering, 
rates  of  advance  and  costs. 

Required  of  students   in  the   course  of  Mining  Engineering.      Pre-requisite: 
Entrance  requirements  in  Mathematics,  Chemistry,  and  Physics. 

52— Boring  and  Shaft  Sinking.  2  hours,  third  year.  Professor 
Peele. 

Boring:  methods  and  appliances  for  small  depths  and  for  deep  boring;  rod 
boring  and  oil-well  or  churn  drill  method;  boring  with  core  drills,  for  prospecting 
and  other  purposes;  survey  of  bore-holes.  Shaft  sinking:  methods  and  tools  em- 
ployed in  rock  and  in  soft  material,  sinking  linings  or  drop-shafts,  freezing  and 
other  special  methods  of  sinking  in  soft  water-bearing  formations;  drainage  of 
shafts;  handling  and  hoisting  of  excavated  material.  Shaft  timbering,  walling 
tubbing,    and   other    forms   of   lining.      Costs   of    shaft   sinking. 

Required  of  students  in  the  course  of  Mining  Engineering.  Pre-requisitc: 
Mining  51. 

53— Excavation,  Tunneling,  Boring  and  Shaft  Sinking.  2  hours, 
second  year.     Mr.  Judd. 

A  condensation  of  courses  51  and  52,  in  which  attention  is  given  only  to  those 
operations  that  are  of  special  interest  to  the  civil  engineer.  Excavation  and 
transport  of  earth  for  structural  purposes  and  railroad  grading;  steam  shovels  and 
dredges.  Explosives.  Excavation  of  rock;  methods  of  drilling  and  blasting;  sub- 
marine blasting;  railroad  tunnels;  quarrying;  testing  for  foundations  in  earth, 
rock  and  watery  material;  well  drilling;  shaft  sinking  by  usual  and  special 
methods.  v 

Required  of  students  in  the  course  of  Civil  Engineering.  Pre-requisite: 
Entrance  requirements  in  Mathematics,  Chemistry  and  Physics. 

54— Exploration,  Development,  and  Methods  of  Working.  3  hours, 
third  year.    Professor  Munroe. 

Mineral  deposits,  characteristics  of  beds,  masses,  veins,  and  other  deposits,  and 
the  irregularities  and  disturbances  to  which  they  are  subject,  as  affecting  the  work 
Of  exploration  and  mining.  Examination  and  survey  of  mineral  properties;  rela- 
tion of  topography  to  geological  structure;  construction  of  maps  and  sections;  and 
tracing  of  probable  outcrops  as  a  guide  to  exploration.  Prospecting  by  ditches, 
pits,  and  deep  boring.  Development;  choice  of  methods;  location  of  openings. 
Working  of  deposits  and  support  of  excavations;  theoretical  considerations,  methods 
of  breaking  ground  in  coal  and  metal  mining,  and  support  of  mine  excavations  by 
pillars  of  mineral,  by  timbering,  by  masonry,  and  by  rock  filling;  methods  of 
working  applicable  to  deposits  of  different  thickness,  inclination,  and  character. 
Coal  mining;  vein  mining;  working  of  thick  deposits  and  soft-ore  bodies.  Salt 
mining.      Surface   working.      Hydraulic   mining  and   gold  dredging. 

Required  of  students  in  the  courses  of  Mining  and  Metallurgical  Engineering. 
Pre-requisite:  Geology  5-6.  Pre-requisites  or  parallels:  Geology  105-106,  Min- 
ing 51  and  52.  Accepted  together  with  Mining  81  and  82,  or  with  Mining  56 
and  91,  as  a  minor  for  the  degree  of  A.M. 

56— Mine  Engineering.    3  hours,  fourth  year.    Professor  Munroe. 

Ventilation;  air  of  mines;  mine  gases;  methods  of  ventilation;  control  and 
measurement  of  air  currents.  Drainage:  sources  of  mine  waters;  methods  for  the 
control  and  raising  of  water;  dams;  drainage  levels.  Water  supply.  Surface 
handling  and  transportation;  arrangements  for  loading  and  unloading  cars  and 
vessels,    and    for    storing    of    minerals.     Mineral  railroads.     Common  roads.    Acci- 
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parauB?  Minin* 54  t3  7ie£OUr-e  -?f  rMin-ing  Engineering  Pre-requisites  or 
Sether  with  M  !L  M  ,n  i  l"/2'  Clvll.  Engineering  76  and  28.  Accepted  to- 
gemer  with  Mining  54  and  91,  as  a  minor  for  the  degree  of  A.M. 

71-72-Mine  Plant.    3  hours,  fourth  year.     Professor  Peele 

n^TnV'n?  r°Pei.s-klPs  f"d  cages,  head-frames;  calculation  of  pmver  required  and 

bsm  «--  ^L^^leu^groSp^^t-'  a^Sra 

centrifugal  fans;  theory  and  efficiencies  of  fans.  Air  compressors  s  mole  and 
veX™^  methods  of  dealing  with  heat  "ofc^mpressTo^  S£. 

„yfc,e  •  compressed  air  in  pipes;  reheating;  operation  of  machinery  bv  com- 
pressed   air;    efficiencies.      Machine    drills;    coal-mining    machines    or    coal  cutteS 

^"tSek!  mTn„HeU,n  WH0rHing,  PlaC<LS-  ,Mine  CarS;  arfangement  and  construction 
ot    tracks.      Underground    haulage;    hand   tramming;    mule    haulage-    eravitv   roads- 

Required   of   students   in  the  course  of  Mining   Engineering.      Pre-requisite- 

with  nMinL5272^nH57^  "^  Me-chanVcal  Engineering  f3-14.  Accepted  together 
with  Mining  73  and  75,  as  a  minor  for  the  degree  of  A.M. 

73— Mine  Constructions.     1  hour,  fourth  year.     Professor  Peele. 

soikUilfen1n12eSJonricks;  HmeS;  cSments  ail<*  concretes.  Foundations  in  various 
soils,  retaining  walls  masonry  and  timber  construction,  with  special  reference  to 
mine  work;  mine  buildings;   trestles;   ore-bins.  reierence  to 

faSHE*   ?f  st"dents.in  *!":  courses  of  Mining  and  Metallurgical  Engineering. 
Accepted  together   with   Mining  71-72  and  75,   or  with   Mining   81,   82  and 
75,  as  a  minor  for  the   degree  of  A.M. 

75— Design  of  Mine  Plant.    4  afternoons,  fourth  year.     Professors 
Peele  and  Kurtz  and  Mr.  Judd. 

in^nnltcUtioentwS%f/if  ediPr°ble.mS,in  th-e  desi£n.  and  construction  of  mine  plant, 
on  S£  «?  •  •  devel°PPient  of  a  mine.  This  work  supplements  the  lectures 
Son  of  wiSini  Tlnn§  machmeT.y>  mvolv  ng  reading  and  study,  and  the  prepara- 
&?£  ~f  vv°rkl.n?  dra^ngs;  covering  certain  portions  of  the  plant,  together  with 
bills  of  material  specifications,  and  estimates.  As  these  drawings  are  Intended  to 
accompany  and  illustrate  in  part  the  graduating  theses  or  projects  the  Sns  are 
made  in  accordance  with  the  subjects  and  conditions  therein  Assigned  Kfworil 
is  done  under  constant  supervision  and  advice  in  the  draughting-room 

Br,f?r1d     7SsUdrnt-,   !?  ^e   course  of   Mining   Engineering.      Pre-requisite: 

Drafting  3-4    7-8,    Civil   Engineering  53,   Mining  59.      Parallel:    Mining  71-72. 

Accepted  together  with  Mining  71-72  and  73,   or  with  Mining  81,   82  and  73 

as  a  minor  for  the  degree  of  A.M. 

77-78— Graduating  Thesis  or  Project.     Professor  Peele. 
Mining    Thesis 

The  subjects  for  the  graduation  theses  are  assigned  during  the  third  year,  and 
are  made  a  part  of  the  regular  course  of  instruction.  The  subject  given  in  each 
case  is  the  problem  of  the  opening  and  development  of  a  mine,  supposed  to  be 
located  in  some  well-known  mining  district,  and  for  which  certain  definite  con- 
ditions as  to  size  and  character  of  ore  body,  amount  of  water  to  be  pumped  and 
quantity  of  ore  to  be  mined,  are  assumed.  During  the  summer  field  work  in  min- 
ing the  student  incidentally  obtains  data  for  his  thesis  work.  This  information  is 
supplemented  by  study  of  books  and  technical  literature.  During  the  fourth  year 
he  decides  upon  the  proper  methods  for  opening,  developing,  and  working  the  prop- 
erty; and  makes  estimates  of  the  plant,  machinery  and  capital  required,  the  cost  of 
working  and  the  probable  profits.  He  also  works  out  in  detail  certain  portions  of  the 
proposed  mine  plant,  and  prepares  a  set  of  working  drawings,  bills  of  materials 
and  specifications  therefor.  This  work,  done  under  the  supervision  of  competent 
instructors,  constitutes  both  a  review  and  a  series  of  practical  applications  of  the 
preparatory  studies  and  enables  the  students  to  discover  and  remedy  their  de- 
ficiencies, giving  them  confidence  in  their  ability  to  work  out  similar  problems  later 
Required  of  students  in  the  course  of  Mining  Engineering.  Pre-requisites 
or  parallel:    All  the  required  courses  in  Mining. 
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80— Mill  Constructions.     1  hour,  fourth  year.     Professor  Kurtz. 

Installation  and   operation   of  mechanical   power  transmission    and  auxiliary  ma- 
chinery in  works   for  the   mechanical  treatment  of  minerals.      Dealing  with   shaft- 
ing, bearings,  pulleys,  belting,  rope  drives,  gearing,  etc. 
Pre-requisite:   Mechanical  Engineering  13-14. 

81— Ore  Dressing,  Milling,  and  the  Mechanical  Preparation  of 
Coal.    4  hours,  fourth  year.     Professor  Munroe. 

The  general  principles  and  theory  of  dressing;  preliminary  operations;  hand 
dressing;  cleansing;  crushing;  jigging  with  and  without  preliminary  sizing;  slime 
concentration;  magnetic  and  electro-static  separation;  oil  and  flotation  processes; 
milling  of  gold  ores;  descriptions  of  typical  dressing  works  and  coal-washing 
plants   in   this  country   and  abroad. 

Required   of  students   in   courses  of  Mining  and    Metallurgical    Engineering. 
Pre-requisite:     Mineralogy  1-2,  Physics  3-4,  and  Mechanics  102.     Accepted 
together  with  Mining  54  and  82,  or  with  Mining  82,  73  and  75  as  a  minor  for 
the  degree  of  A.M. 

82— Ore-dressing  Laboratory.  Afternoon  work  for  three  weeks, 
fourth  year.     Professors  Munroe  and  Kurtz  and  Mr.  Judd. 

Mechanical  testing  of  ores  by  laboratory  methods;  working  tests  with  simple  appa- 
ratus;  adjustment   and  operation  of  concentrating  machines. 

Required   of  students    in   courses   of   Mining  and    Metallurgical    Engineering. 
•  Lrei,"r.eq-Uisitne;      Mining  81.     Accepted   together    with   Mining  54   and  81,  or 
with  Mining  81,  73  and  75,  as  a  minor  for  the  degree  of  A.M. 

9i— Mine  Administration.  2  hours,  fourth  year.  Professors 
Munroe  and  Kurtz. 

Administration,  organization,  and  business  management,  mine  accounts,  and  cost 
sheets. 

Required  of  students  in  courses  of  Mining  and  Metallurgical  Engineering. 
I  re-requisite:  Mining  54.  Accepted  together  with  Mining  54  and  56,  as  a 
minor  for  the  degree  of  A.M. 

94— Mining  Law.    2  hours,  fourth  year.     Professor  Kurtz. 

General  principles  of  real  estate  law.  Historical  review  of  mining  laws  of  dif- 
ferent countries.  Federal  laws,  concerning  locations  on  public  lands  of  the  United 
States.      State  and   territorial   mining  laws. 

Prerequisite:   Civil  Engineering  27,  Mining  54. 

Summer  Courses 
58— Summer  Class  in  Mine  Surveying  is  held  in  June,  at  a  mine 
in  a  near  locality,  and  lasts  one  week.    Professors  Munroe  and  Kurtz 
and  Mr.  Judd. 

Pre-requisite:    Civil   Engineering  27. 

59— The  Summer  Courses  in  Practical  Mining.  Professors  Peele 
and  Kurtz  and  Mr.  Judd. 

Held  in  June  and  July,  at  some  mine  or  mines  selected  for  the  purpose,  in  the 
vacation  between  the  third  and  fourth  years,  and  lasts  six  weeks  (for  details  see 
page  33). 

.    Pre-requisite:     Mining  51,  52  and  54.  Civil  Engineering  15  and  27,  Mechan- 
ical Engineering  13-14,  and  Geology  105-106. 

Graduate  Courses 
Special  courses,  consisting  of  personal  instruction,  reading  and  ex- 
perimental investigation,  will  be  arranged  for  advanced  students  ac- 
cording to  their  individual  needs  and  ability.  These  investigations  will 
be  made  at  mines  and  dressing  works  either  in  connection  with  the 
Summer  class  or  elsewhere  as  assigned,  with  additional  work,  as  re- 
quired, in  the  library  and  in  the  laboratories  of  the  department.  The 
time  required  is  governed  by  the  rule  that  a  full  course  should  occupy 
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10  hours  (outside  reading  and  study  included)  per  week  for  a  half  year. 
Any  of  the  following  may  be  offered  for  the  degree  of  A.M.  by  students 
who  have  had  the  appropriate  pre-requisites : 

101-102— Mining  and  Ore  Dressing.  Mining  54,  81  and  82,  with 
laboratory  work  and  reading  as  required.     Two  full  courses. 

Under  the  regulations  for  the  degrees  of  A.M.  and  Ph.D.  the  following  courses 
-nay  be  offered  by  graduate  students  who  have  had  all  the  undergraduate  courses 
in  mining  or  their  equivalent. 

201-202— Methods  of  Mining.  Critical  study  of  methods  used  in 
some  mining  region,  or  for  a  certain  class  of  deposits ;  output  per  man, 
amount  of  timber  and  explosive  required,  and  other  details  affecting 
cost.  Study  of  conditions  as  determining  choice  of  method.  Deter- 
mination of  loss  of  mineral  in  mining.  Accidents  to  men.  Two  full 
courses. 

203-204— Mining  Plant.  Critical  study  of  rock  drilling,  or  coal  cut- 
ting, or  hoisting,  or  haulage,  or  ventilating  plant  at  some  mine  or 
mines.  Determination  of  efficiency  and  conditions  affecting  same.  Two 
full   courses. 

207-208— Ore  Dressing.  Critical  study  of  some  detail  of  the 
ordinary  dressing  methods,  crushing,  or  screening,  or  classification,  or 
jigging,  or  slime  treatment,  or  dry  concentration,  or  magnetic  separa- 
tion, or  milling  of  gold  or  silver  ores,  or  mechanical  preparation  of 
coal.  Determination  of  efficiency,  and  of  conditions  essential  to  success. 
Two  full  courses. 

213-214— Economic  Studies  in  Mining.  Study  of  existing  con- 
ditions affecting  the  production  and  cost  of  some  mineral  or  metal, 
as,  for  example,  anthracite  coal,  copper,  or  gold.     Two  full  courses. 

PHYSICAL    EDUCATION 

A1-A2— -Physical  Education.  6  lectures  on  personal  hygiene  dur- 
ing January.  2  hours  a  week  of  athletics  and  elementary  graded 
gymnastic  exercises  during  the  whole  year,  except  January.  Mr. 
Fette  and  Assistants. 

Bi-B 2— Physical  Education.  6  lectures  on  public  and  personal 
hygiene  during  January.  2  hours  a  week  of  athletic  and  gymnastic  exer- 
cises during  the  whole  year,  except  January.  Students  must  report  at 
the  gymnasium  office  within  two  days  after  the  opening  of  the  semester 
and  fill  out  cards  indicating  the  branch  of  athletics  in  which  they  intend 
to  satisfy  the  requirements  of  the  course.  Professor  Meylan,  Dr. 
Elliott  and  Assistants. 


Note— Students   getting  a   grade   of   B    or   better   in    Physical    Education    A    are 
not   required   to   take   Physical    Education  B1-B2. 
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PHYSICS   AND   MECHANICS 
Mechanics  i-Statics.    2  hours.    Professors  Burnside  and  Schroe- 
der,  Dr.  Webb  and  Mr.  Whittemore 

Required  of  al    first  vear  students  in    TrJ,«;i       •  technical  Mechanics. 

Physics  and  Entrance  iSSheStiSVclu^S1?^^^11181*65   **—■ 

Physics   3-4-Gcneral  Physics:   Mechanics,  Wave-Motion,   Heat 

M.         m     tt3  el  and  2   recitations-     Professor  Wendell,  Dr 

Morse,  Mr.  Farwell,  Dr.  Weinrich,  Mr.  Severinghaus,  Dr.  St  fler 
Mr.  Scott,  Mr.  Brainin.  les' 

tions  of  energy;  conserv^ Itfon o en?r£ "  curvlSneS'  mnTfc  P°^r;  tra,nsfo.r™: 
gravitation;  linear  and  angular  simole  &„„:,  ™"f-a  motloP  with  applications; 
sympathetic  vibrations;   elements   S Phyd?SS2ics  '  pendulum>  wave-motion; 

chinicar^alen?  "of ^eat-Tha^  tFSS?2L£&Zl"S   ^^  "■-*    ™' 

continuity  of  state;   conductionfcolfveaionfl radiatio^    VaP°rS   and    h^ro™try; 

aberration;    optical    instruments-    onotonSv?'  if  T"1   spherical  and  chromatic 
PhS^dln^n^aXn.S 

W™8  57ElefCtridt^  3  lectures  and  2  recitations.  Professor 
Wendell  and  instructors. 

elSri™^  condensers;    electrometers;    current 

with  applications;  thermo elecTridtv •  i«S  B„JS™  W,*th  aPPhcatio.ns;  Joule's  law 
electrical  units;  electro-magne^^^  CUfrentS  Wlth  applications; 

Ph?sTs,r3e-4.  °f    aU     SCCOnd     year     Students     in     Engineering.      Pre-requisite: 

Physics  43-44-Physical  Laboratory.     3  consecutive  hours  a  week 

throughout  the  year.     Professor  Wendell,  Dr.  Morse,  Dr.  Weinrich 

Mr.  Severinghaus,  Dr.  Stifler,  Mr.  Scott,  Mr.  Brainin,  Mr.  Murphy' 

Mr.  Wright.  «*««, 

he^elS^t^anf^^^ffeffi^f1*8  "**  ^Ports  in  mechanics,  light, 

Physics  55-Physical  Measurements.    2  hours.    Professor  Hallock 

Mechanics    102-Mechanics.    S  hours.     Professors   Burnside  and 
bcHROEDER,  Dr.  Webb,  and  Mr.  Whittemore. 


Mechanics    105-Thermodynamics.     2   hours.     Professors   Wills 
and  Pegeam. 


PHYSICS  AND  MECHANICS  in 

Second  Law;  the  Kelvin  absolute  scale  of  temperature;  the  combination  of  the  two 
laws;  application  to  the  problem  of  change  of  state;  the  properties  of  saturated 
and  superheated  steam;  theory  of  the  "plug  experiment";  the  flow  of  fluids  from 
orifices. 

Pre-requisite:   Physics  4  and  Mechanics  102. 

Mechanics  107-108— Theory  of  Electricity  and  Magnetism.  2  hours 
first  half-year,  3  hours  second  half-year.    Professor  Wills. 

Tlie  fundamental  principles  of  electricity  and  magnetism  are  developed  and  dis- 
cussed with  particular  reference  to  the  bearing  which  they  have  in  relation  to  the 
science  of  electrical  engineering.  The  course  concludes  with  an  introduction  into 
the  theory  of  alternating  currents. 

Pre-requisite:  Physics  5  and  Mathematics  64-65. 

Mechanics  109-1 10— Theory  of  Alternating  Current  Machines  and 
Theory  of  Electrical  Circuits.  4  hours  first  half-year,  3  hours  second 
half-year.    Professor  Pupin. 

Pre-requisite:  Mechanics  107-108. 

Physics  52 — Conduction  of  Electricity  in  Gases.  5  2-hour  lectures. 
Professor  Davis. 

Mathematical  Physics  201 — Vector  Analysis  and  Mathematical 
Introduction.     4  hours.     Professor  Wills. 

Mathematical  Physics  203-204 — Partial  Differential  Equations  of 
Physics.    2  hours.    Dr.  Webb. 

Laplace's  Equation;  Poisson's^  Equation;  Equation  of  Heat  Conduction;  Teleg- 
rapher's Equation;  Fourier's  Series;  Spherical  Harmonics;  Bessel's  Functions. 

Mathematical  Physics  206 — Mechanics.  4  hours.    Professor  Wills. 

An  advanced  course  on  Mechanics  developed  with  special  reference  to  the  gen- 
eral methods  of  d'Alembert,  Lagrange,  Jacobi  and  Llamilton. 

Mathematical  Physics  208 — Elasticity.   2  hours.     Professor  Wills. 

Mathematical  Physics  215-216 — Electricity  and  Magnetism  and 
Electro-Magnetic  Theory  of  Light.       2  hours.    Professor  Pupin. 

Mathematical  Physics  223-224 — Recent  Advances  in  Electrical 
Theory.      2  hours.     Professor  Pupin. 

For  other  courses  in  experimental  and  mathematical  physics  the 
student  is  referred  to  the  Announcement  of  the  Division  of  Mathe- 
matical and  Physical  Science. 

SHOP  WORK 

The  shop  work  is  done  in  the  Macy  Building,  which  has  full  modern 
equipment,  including  the  best  types  of  improved  machine  tools  for  wood 
working  and  metal  working  in  shops  that  provide  for  groups  of  twenty 
to  twenty-four  students  to  a  section. 

Shop  work  in  wood  is  planned  to  lead  up  to  pattern  making  and 
foundry  work.  The  equipment  includes  benches  for  joinery  and  pattern 
making  with  the  necessary  hand  tools  and  individual  speed  lathes  for 
wood  turning,  a  motor-head  speed  lathe  of  large  size,  36-inch  band  saw 
and  trimmers  of  the  most  recent  type.  There  are  also  available  for 
working  up  stock  and  special  projects  a  saw  bench,  surfacer,  jointer, 
mortising  machine,  all  of  the  latest  type. 

Shop  work  in  metal  includes  foundry,  forging  and  machine-shop 
practice.  The  foundry  contains  molding  benches  for  twenty  students, 
and  necessary  tools  for  all  kinds  of  bench  work  in  snap  flasks,  floor 
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molding,  loam  work,  and  the  application  of  sweeps  to  the  making  of 
molds,  together  with  melting  pits  for  the  melting  of  brass  and  bronzes 
and  a  cupola  for  melting  cast  iron.  In  the  forge  shop  there  are  twenty 
forges  with  anvils  tools  and  vises,  a  30-pound  Bradley  power  hammer 
and  a  400-pound  Billings  and  Spencer  drop-press.  tL  machine  shon 
contains  lathes,  swinging  from  twelve  to  twenty  inches!  phne rs?  S- 
presses,  universal  milling  machines,  and  grinding  machines  with  ex- 
amples of  direct-connect  motor  and  belt  drives  for  each.  A  Tones  and 
Lamson  flat  turret-lathe  and  a  Warner  and  Swasey  screw  machine  are 

r,Hnn°r  dTem°nSt-rat1^  m°d-e[n  ™ethods  of  economical  repetition  p?o^ 
duction.  In  conjunction  with  a  1  the  shops  there  is  a  wpI  -„„;£«,< 
tool-room  the  attendance  record  is  kept  by  a ^  time-keepeT's  reVorTnt 
aimtd  7t    ^  °rganization  and  atmosphere' of  a  comXid  "ho^arf 

i-Wood-turning  and  Pattern-making.     2  afternoons.     Mr    Con- 


STANTINE. 


lathe.      Second  year  students  in^lecVankal   Engineering     ^"^  t0°,S  a"d  tUrnin* 

2-Molding  and  Foundry  Practice.         1      afternoon.       Professor 

bLEFFEL. 

10S— Machine  Work.    Mr.  Walsh 
toS^lt^^^g^fiiJ"*"  '■  thr«  -eks  in  *-■  Section  H, 

ii— Machine   Work.     2   afternoons.   Mr.    Walsh 

12— Forging.     2   afternoons.     Professor    Sleffel 
13-14— Machine  Work,     i  afternoon.    Mr.  Walsh. 

As  above.     Second  year  students  in  Electrical  Engineering. 

15-Forging  and  Foundry  Practice.         i     afternoon.       Professor 
Sleffel. 

As  above.     Second  year  students  in  Civil  Engineering. 

16— Machine  Work,     i  afternoon.     Mr.  Walsh. 

As  above.     Second  year  students  in  Civil  Engineering. 

_   18S— Pattern-making,  Forging,  and  Machine  Work.    Three  weeks 
in  June.    Professor  Sleffel,  Mr.  Constantine  and  Mr.  Walsh 
As  above.     Second  year  students  in  Chemical  Engineering. 


SCHEDULE  OF PRE-REQUISITES 
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SCHEDULE  OF  PRE-REQUISITES  FOR  SUBJECTS  UNDER 
THE  FACULTY   OF  APPLIED  SCIENCE 


Subject 
Astronomy 

105— Geodesy.     (For  C.  E.) 

106 — Geodesy.     (For  C.  E.) 
107S — Geodetic   Surveying    (For   C. 
E.) 

Botany 

7 — Growth  and  Character  of  Timber 

Chemistry 

3-4 — General  Inorganic 
101-102 — Advanced    Inorganic 

121-122 — Physical   Chemistry 


125-126 — Physical  Chemistry 

41-42 — Organic,  lectures 
43M — Organic  laboratory 

141-142 — Organic,  general 


143-144 — Organic,  conferences 
49 — Advanced    Organic     (For 

Chem.  E.) 
61   or  62 — Qualitative  Analysis 


-Quantitative  Analysis  Inorganic 
-Quantitative  Analysis  Inorganic 


161-162 — Quantitative  Analysis  Inor- 
ganic 
163-164 — Quantitative  Analysis 

167-168 — Advanced  Inorganic  Analy- 
sis 

171 — Organic   Analysis 


175 — Food  Analysis 

176 — Chemistry  of  Food  and  Nu- 
trition 

76 — Microscopical  Analysis 

78 — Sanitary   Biological    Analysis 

79 — Sanitary  Bacteriological  Analy- 
sis 

81-82 — Industrial  Chemistry,  gen- 
eral course 

83 — Industrial  Chemistry,  special 
course 

84 — Food   Chemistry 


88 — Industrial     Chemistry, 
tory  practice 


labora- 


89 — Industrial     Chemistry,     labora- 
tory practice 


Pre-requisite 


Math.    64-65    (Differential    and    Integral 

Calculus) 
Astron.  105  (Geodesy) 
Astron.  106  (Geodesy) 


Pre-requisite 

Entrance  Chemistry  or  Chem.  A. 
Chem.  3  or  4  (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Anaylsis) 
Chem.  163-4  (Quantitative    Analysis) 
Chem.    3   or   4    (General   Inorganic);   61 

or  62   (Quantitative  Analysis) 
Phys.  3-4-5   (Elementary  Mechanics  and 

General  Physics) 
Math.    64-65    (Differential   and    Integral 

Calculus) 
See   121-122 

Chem.  3  or  4  (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Anaylsis) 
Chem.  3  or  4  (General  Inorganic) 
Chem.  41-42   (Organic)  or  parallel 
Chem.   41-42-43M  (Organic) 
Chem.    1 61-162    (Quantitative   Analysis, 

Inorganic) 
Chem.  141-142  (Organic)  or  parallel 
Chem.  41-42  (Organic) 

Entrance  Chemistry  or  Chem. A. 
Parallel  Chem.  3-4   (General  Inorganic) 
Chem.  3  or  4  (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Analysis) 
Chem.  3  or  4   (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Anaylsis) 
Chem.  3  or  4   (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Anaylsis) 
Chem.  3  or  4   (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Analysis) 
Chem.  101-102  (Advanced  Inorganic) 
Chem.  121-122  (Physical   Chemistry)^ 
Chem.  163-164  (Quantitative  Analysis) 
Chem.  41-42  (Organic) 
Chem.    161-162    (Quantitative    Analysis, 

Inorganic) 
Chem.  41-42,   161-162 
Chem.    41     (Introductory    Organic) 

Chem.  65 
Chem.  6s.  76 
Chem.  65,  76 

Chem.  3  or  4   (General  Inorganic) 
Chem.  61  or  62   (Qualitative  Analysis) 
Chem.  81-82   (Industrial  Chemistry)  and 

Chem.  41    (Elementary  Organic) 
Chem.  3  or  4   (General  Inorganic) 
Chem.    81-82    or   41-42 
Chem.  3  or  4    (General  Inorganic) 
Chem.  41-42   (Elementary  Organic) 
Chem.  163-4   (Quantitative  Analysis) 

Chem.  61  or  62  (Qualitative  Analysis) 
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95-96 — Industrial   Chemistry 

I97 — Chemical  Factory  Machinery 
and  Apparatus 

198— Chemical  Factory  Apparatus 
and  Machines 

80a— Factory  Inspection.  (For 
Chem.  and  Chem.  E.)  (Second 
Year) 

80b— Factory  Inspection  and  Sum- 
mer Factory  Work.  (For 
Chem.    E.)     (Third   Year) 

93-94 — Electro-Chemistry 

181  or  182— Practical  Electro-Chem- 
istry 

183-184— Industrial   Electro-chem- 
istry 

Civil  Engineering 

2 — Theory  of  Surveying 

15— Surveying    (between    First  and 

oecond  Years) 
2I— Highway  Engineering 
23—  Theory  of  Railroad  Surveying 
2S— Surveying  (between  Second  and 

Third  Years) 
26— Surveying  (between  Third  and 

rourth  Years) 
27— Surveying  (between  Second  and 

Third  Years) 
28— Surveying  (between  Second  and 

Third  Years) 
51-52— Theory   of  Railroad  Survey- 
ing 
53-54 — Elasticity  and   Resistance  of 

the  Materials  of  Engineering: 
57a— Statistics     and     Interpretation  1 

of  Water  Analysis  I 

57b— Drainage  of  Marshes  and  Low-  f 

lands 
58— Masonry  Structures 

59 — Sanitary  Engineering 
61— Analytical  Theory  of  Trusses 
62— Graphic  Statics 
64— Graphic    Statics     (abridged 
course) 

71— Surveying   (between  Third   and 

Fourth  Years) 
75 — Hydraulics 


Chem. 
Chem. 
Chem. 
Chem. 


3  or  4 

61   or   62 

41-42 

65  or  other  Quantitative 


Chem. 

Chem. 


3  or  4  (General  Inorganic) 
61-62  (Qualitative  Anaylsis) 
Chem.  65   (Quantitative  Analysis) 
Chem.  3-4   (General  Inorganic) 
Chem.  65    (Quantitative  Analysis,    Inor- 
ganic) 


C.E.  2  (Theory  of  Surveying) 


C.E.  15  (Surveying) 
C.E.  15  (Surveying) 


C.E.  25  (Surveying) 
15  (Surveying) 


C.E. 


(For  E.M.)    (C.E. 
(For    E.E.) 


76 — Hydraulics. 

75  abridged) 
77 — Hydraulics. 

78 — Hydraulics. 

M.    E.) 
85 — Foundations 


87-88 — The  Design  and  Construc- 
tion of  Bridges,  Roofs  and 
Buildings.   (For  Sanitary  Engs.) 

89-90 — Railroad    Engineering 

94— Design     and     Construction     of 

Sewers,  and  River  and  Harbor 

Improvements 


96- 


C.E.  23  (Theory  of  Railroad  Surveying) 
C.fc,.  27  (Surveying) 
C.E.  15  (Surveying) 

Mech.  102  (Analytical  Mechanics) 

Chem.  78  (Sanitary  Biological  Analysis) 
.  Chem.  79  (Sanitary    Bacteriological    An- 
alysis) 
C.E.  59  (Sanitary  Engineering) 
Mech.  102   (Analytical  Mechanics) 
Mm.  5  (Minerals  of  Building  Stones) 
Chem.  82    (Industrial  Chemistry) 
Mech.  102  (Analytical  Mechanics) 
Mech.  ioa  (Analytical  Mechanics) 
Mech.  102  (Analytical  Mechanics) 

C.E.  51-52  (Theory  of  Railroad  Survey- 
_      mg) 

C.E.  25  (Surveying) 
Math.   64-65    (Calculus) 
Mech.  102  (Analytical  Mechanics) 
Math.   64-65    (Calculus) 
Mech.  ro2  (Analytical  Mechanics) 
Math.    64-65    (Calculus) 
fFnr  rh»™    v     „a  }£ec,h-  I02  (Analytical  Mechanics) 
(tor  Chem.  E.  and  Math.   64-65    (Calculus) 

Mech.  102  (Analytical  Mechanics) 

C.E.  58  (Masonry  Structures) 

Geol.  18  (General  Geology) 

CE.  53-54   (Elasticity  and  Resistance  of 

the   Materials  of  Engineering) 
C.E.  61  (Analytical  Theory  of  Trusses) 
C.E.  62  (Graphic  Statics) 
C.E.  71  (Surveying) 
C.E.  75  (Hydraulics) 
C.E.    59    (Sanitary    Engineering) 
.  C.E.   26    (Surveying) 
Chem.  78  (Sanitary  Biological  Analysis) 
Chem.  79  (Sanitary    Bacteriological    An- 
alysis) 

C.  E.  59  (Sanitary  Engineering) 
57a     (Statistics    and    Interpretation    of 

Water  Analysis) 
57b    (Drainage    of    Marshes    and    Low- 
lands) 


-Principles  of  Hygiene,  Sanitary 
Science  and  Public  Health 


SCHEDULE  OF PRE-REQUISITES 


US 


Subject 

97— Water-Supply     and     Irrigation 

Engineering 
99-100 — Graduation  Thesis 


f  C.E 
i  C.E. 
L  C.E 


Pre-requisite 

.E.  26  (Surveying) 

59    (Sanitary    Engineering) 
75  (Hydraujics) 


Drafting 


i  or  2— Elements    of    Mechanical 

Drafting 
3  or  4 — Descriptive  Geometry 
5  or  6 — Graphics 


7  or  8— Structural  Drafting 

Economics 

2 — Introduction  to  Economics 

Electrical  Engineering 

2 — Elements     of     Dynamo     Electric 

Machinery 
4— Electric  Distribution 

(For  E.M.   Met.E.  and  C.E.) 

Parallel  E.E.  72  (Direct  Cur- 
rent  Laboratory) 
52— Design   of   Direct   Current   Ma- 
chinery 
54 — Design  of  Alternating  Current 
Machinery 

Parallel    Mech.    no    (Th.    of 
Variable    Currents)     and     E.E. 
175-176 
72— Direct  Current  Laboratory 

Parallel  E.E.  4   (Electric  Dis- 
tribution) 

73— Direct     Current    Laboratory. 

(For  M.E.) 
Parallel    E.E.    10 1     (Dynamo 

and  Motor  Practice) 
75 — Alternating  Current  Laboratory. 

(For   E.M.   and   M.E.)     (Short 

course) 
76 — Alternating  Current  Laboratory. 

(For  C.E.) 

98— Thesis   (Optional) 

Parallel    Subjects    of    Fourth 
Year 
10 1 — Generator  and  Motor  Practice 
Parallel    E.E.    73    or    173-174 
(Direct     Current     Laboratory) 

103— Electric  Motors.     (For  E.E.)      i 


103A — Electric  Motors.     (For  M.E.) 

104 — Electric  Distribution 

105 — Alternating  Current  Engineer- 
ing.   (For  E.E.) 

1 05  A — Alternating  Current  Engi- 
neering.   (For  M.E.) 


Draft.   1  or  2   (Elements  of  Mechanical 

Drafting) 
Draft.  3  or  4  (Descriptive  Geometry) 
Draft.   1  or  2  (Elements  of  Mechanical 

Drafting) 
Draft.  3  or  4  (Descriptive  Geometry) 


Phys.  3,  4  and   5   (Elements  of  Electri- 
cal   Engineering) 
E.E.    2.     (Elements    of    Dynamo    Elect. 

Mach'y) 
Phys.  5 

E.E.  2  and    101    (Elements   of  Dynamo 
Elect.    Machinery) 

E.E.  52,  103  and  105,  Mech.  108 


E.E.     2    (Elements    of    Dynamo    Elect. 

Mach'y) 
Phys.  5  (Electricity  and  Magnetism) 
Phys.  43-44   (Phys.  Laboratory) 
E.E.     2     (Elements    of    Dynamo    Elect. 

Mach'y) 
Phys.  5  (Electricity  and   Magnetism) 
Phys.  43-44   (Phys.  Laboratory) 
E.E.  4  or   104   (Electric  Distribution) 
E.E.  72  (Direct  Current  Laboratory)   or 
E.E.  73  (Direct  Current  Laboratory) 
E.E.  4  or  104   (Electric  Distribution) 
E.E.  72  (Direct  Current  Laboratory)   or 
E.E.  72  (Direct  Current  Laboratory) 
All  courses 


E.E.     2     (Elements    of    Dynamo    Elect. 
Mach'y)   and  Phys.   5 

I  E.E.  104  (Electric  Distribution) 
E.E.  173-174  (Direct    Current    Labora- 
tory) 
E.E.   104   (Electric  Distribution) 
E.E.  73  (Direct  Current  Laboratory) 
Phys.  5  and  E.E.  2  and  E.E.   101 
E.E.    104    (Electric   Distribution) 
E.E.  101 

E.E.  104  (Electric  Distribution) 
E.E.  101  (Dynamo  and  Motor  Practice) 


106 — Electric  Plants 


and    105    (Electric    Distribu- 


E.E.    104 
tion) 

0     -..     .  _  .  E.E.  104  (Electric   Distribution) 

108 — Plant  Inspection  E.E.   173-174 

Parallel  course  E.E.    105  E.E.    104 

ioq-i  10— Telegraphy   and  Telephony  )  For  E.E.  students  E.E.    104,  171-174 
112— Electric  Railways  "J  For  C.E.  students  E.E.  4,  72  and  7? 

173-174— Direct  Current  Laboratory  (   K.E.  2  (Elements  of  the  Dynamo) 
Parallel    E.E.     101     (Dynamo  <  Phvs.  5  and  43-44 
and  Motor  Practice)  ( 
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Subject 

17S-176— Alternating    Current    Lab- 
oratory 

Parallel  Mech.  109  (Theory  of 
Alternators  and  Transformers), 
Mech.   no   (Theory  of  Variable 
Currents),    E.E.     103     (Electric 
Motors)  and  105  A.  C.  Eng. 
177 — Instrument  Laboratory 

Geology 

4 — Petrography 

5-6 — General  Geology 

16 — Index  Fossils 
18 — General   Geology 
20 — Rocks   and    Soils 

51 — Principles  of  Geology 

52 — Discussion  of  Secondary  Struc- 
tural Features 
101 — Applied  Petrography 

102 — Petrography  of  the  Ores 

105-106 — Economic  Geology 

1 07-/ 08 — Invertebrate  Paleontology 

no — GeoloRical    Examinations    and 

Surveys 
112 — Field"  Geology 


Pre-requisite 

E.E.  104  (Electric  Distribution) 
E.E.    173-174    (Direct    Current    Labora- 
torv) 


E.E.    173-174    (Direct    Current    Labora- 
tory) 


20 1  -202 — Fetr  ologv 

205-206 — Comparative  Geology 


Law 

2 — Business  Law 

Mathematics 

1  (or  2) — Algebra 

64  (or  67) — Calculus 

3  (or  4) — Analytical  Geometry 

65  (or  68)— Calculus 


Min.  6  (Optical  Mineralogy) 

Min.  1-2  (Descriptive  and  Determinative 
Mineralogy)    Parallel    course 

Geol.    5-6    (General    Geology) 

Min.  5   (Minerals  of  Building  Stones) 

Geol.    18   (General  Geology)   or 

Geol.  5-6  (General  Geology) 
5  Geol.  5-6   (General  Geology)  or 
\  Geol.  18  (General  Geology) 
j  Geol.  5-6   (General  Geology)  or 
1  Geol.  18  (General  Geology) 

Geol.  4    (Petrography) 

{Geol.  4,   ioi;   105-106    (Petrography  and 
Economic    Geology) 

Geol.  5-6  (General  Geology) 
Antecedent  work  in  Geology 
Geol.  105-106  (Economic   Geology) 

Geol.  5-6   (General  Geology) 

Geol.    105-106    (Economic    Geology)    de- 
sirable, not  prerequisite 

Geol.  4  (Petrography) 
j  Geol.  5-6   (General  Geology) 
X  Geol.   16   (Index  Fossils) 


Entrance  Mathematics 
Math.  3  (Anal.  Geometry)  or  Math.  4 
Entrance  Mathematics 
Math.    3    or    4     (Anal.    Geometry)    and 
Math.   64  or  67   (Calculus) 


Mechanical  Engineering 

11-12 — Steam    Power    Machinery. 
(For  M.E.  and  Ch.E.) 

13-14 — Steam    Power    Machinery 
(Short  M.E.   11-12)     (For 
other  than   M.E.  and  Ch.E.) 

17-18 — Engineering  Thermodynamics 


19-20 — Engine  Design 

21 — Gas  Power 
25-26 — Steam  Power 

31-32 — Standard  Tests  and  Research 
Methods 

Parallel    M.E.     17-18     (Engi- 
neering Thermodynamics) 

33 — Standard  Tests  and  Research 
Methods  (Continuation  of  M.E. 
31-32) 


Phys.    3-4    (General    Physics) 


j  M.E.  n-12  (Steam  Power  Machinery)  or 
<  M.E.  13-14  (Steam    Power  Machinery) 
'  Mech.  102  (Analytical  Mechanics) 
(  M.E.  39-40  (Machine  Design) 
■<  M.E.  11-12  (Steam  Power  Machinery) 
(M.E.  17-18  (Eng.   Thermodynamics) 
i  M.E.  19  (Engine  Design) 
■<  M.E.  33  (Standard  Tests  and  Research 
(  Methods) 

M.E.  96S  (Steam  Power  Plant   Summer 
Work) 

M.E.  n-12  (Steam  Power  Machinery) 

f  M.E.   17-18   (Eng.  Thermodynamics) 
I  M.E.     31-32     Std.    Tests    and    Research 
{  Methods 

I  M.E.  06 S  (Steam  Power  Plant  Summer 
t         Work) 


SCHEDULE  OFPRE-REQUISITES 
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Subject 

35-36— Kinematics  of  Machinery 
37 — Machine  Design 
39-40 — Machine  Design 
Parallel  C.E.  53 
41 — Machine  Design   (Short  course 
of  M.E.  39-40) 
Parallel  C.E.  53  for  E.E. 

(For  E.E.) 
(For  C.E.) 

45-46 — Hydraulic  Turbines 

(For  M.E.) 
(For  C.E.) 

52 — Organization   and   Management 
50— Steam  Turbines.     (For  M.E.) 

53— Steam   Turbines.     (For   E.E.) 
54 — Shop  Processes 

56— Hydraulic  Turbine  Installations 
Parallel  M.E.   60    (Hydraulic 
Laboratory) 
59 — Empiric  Design 

60 — Hydraulic  Laboratory.      (For 

'Parallel  (For  M.E.)   C.E.  78. 
(Hydraulics) 
63 — Hydraulic  Laboratory 

Parallel  C.E.  75  (Hydraulics) 
64 — Air  Machinery 
66 — Elevators  and   Conveyors 
70 — Pumping  Machinery 

Parallel  C.E.  78  (Hydraulics) 
72 — Gas  Power 
74 — Gas    Power 
76— Standard   Tests.      (For    E.E., 

Chem.E.  and  Met.E.) 
77— Standard  Tests.      (For   C.E., 
Chem.E.) 

(For  E.E.) 
78 — Kinematics 

80 — Experimental    Mechanical    Lab- 
oratory 

Parallel   course   M.E.    14 
82 — Heating  and  Ventilation 
94S — Shop    and    Factory    Summer 
Work 


Pre-requisite 

Math.  3-4  (Analytical  Geometry) 
Drafting  7 

M.  E.  35-36  (Kinematics  of  Machinery) 


•E.  35-36  (Kinematics    of  Machinery) 
•  E.  78  (Kinematics  of  Machinery) 
E.  53 

•E.  33.  36,  60 
E.  78 

•E.  63,  77,  78 
E.  75 
E.  54 
E.  94S 

E.  17-18  (Eng.  Thermodynamics) 
E-  31-32  (Standard  Tests,  etc.) 
E.  17-18  (Eng.  Thermodynamics) 
E.  76  (Standard  Tests,  etc.) 
E.94S  (Shop   and    Factory:    Summer 
Work),  T.   C.  Shop  work 

M.E.  39   (Machine  Design) 

C.E.  77  (Hydraulics) 

Drafi   x,or  2  (Elements  of  Mechanical 

Drafting) 
C.E.  77  (Hydraulics) 


96S — Steam  Power  Plant  Summer 

Work 
97 — Mechanical  Apparatus   for 

Chemical    Factories 

Metallurgy 

101 — General  Metallurgy 


in — Metallurgy  of  Copper 

118— Metallurgy  of  Copper.  (Ad- 
vanced Course) 

122 — Metallurgy  of  Lead,  Silver, 
Gold  and  Zinc 


M.E.  17  (Eng.  Thermodynamics) 
M.E.  39  (Machine  Design) 
M.E.  17  (Eng.  Thermodynamics) 

M.E.  17-18  (Eng.  Thermodynamics) 

M.E.  17-18  (Eng.  Thermodynamics) 

\  ^rl"  I3"x£  (Steam  Power  Machinery) 

M.E.  17  (Eng.  Thermodynamics) 
J  M.E.  13-14  (Steam  Power  Machinery) 
(  M.E.  17  (Eng.  Thermodynamics) 
M.E.  17-18  (Eng.  Thermodynamics) 
Math.  3-4  (Analytical  Geometry) 

M.E.  13 

M.E.  17  (Eng.  Thermodynamics) 
I  Sh.Wk.  1  (Wood   Turning   and    Pattern 
I  Making) 

■j  Sh.Wk.  2  (Molding  and   Foundry   Prac- 
tice) 
I  Sh.Wk.  12  (Forging) 

M.  E.  31-32  (Standard  Tests,  etc.) 

M.E.  17-18  (Eng.  Thermodynamics) 

M.E.  11  and  12 

M.E.    17  and   18 


Phys.  3-4-5  (Elementary  Mechanics  and 
General  Physics) 

Chem.  3-4  (General  Inorganic  Chemis- 
try) 

Met.  101  (General  Metallurgy) 

Met.  in  (Metallurgy  of  Copper) 

Met.  in  (Metallurgy  of  Copper) 
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Subject 

128 — Metallurgy  of  Lead,  Silver, 
Gold,  Zinc  and  the  Minor  Met- 
als.    (Advanced  Course) 

131 — Metallurgy  of  Iron  and  Steel 
Prerequisite   or  Parallel  Met. 
101    (General  Metallurgy) 

134 — Metallurgy  of  Iron  and  Steel 


[38 — Metallurgy  of  Iron  and  Steel. 
(Advanced  Course) 


141 — Electrometallurgy 


148 — Electrometallurgy.     (Advanced 

Course) 
151 — Constitution  and  Properties  of 

Alloys 
Parallel    Met.    131     (Met.    of 

Iron   and    Steel) 

155-6 — Metallography  of  Iron,  Steel 

and  Industrial  Alloys 
158 — Constitution  and  Properties  of 

Alloys.    (Advanced  Course) 
72 — Metallurgical   Laboratory 

Parallel  Met.  122  (Metallurgy 

of  Lead,  Silver,  Gold  and  Zinc; 
171 — Metallurgical    Laboratory 

Parallel    Met.     101     (General 

Metallurgy)      and      Met.       in 

(Metallurgy    of    Copper) 
172 — Metallurgical    Laboratory 
173-174 — Metallurgical    Laboratory 
175 — Metallurgical   Investigation 

Parallel  Met.  131  (Metallurgy 

of  Iron  and  Steel,  and  Met.  141 

(Electrometallurgy) 
77 — Met.   Plant   Construction 

62S — Summer  Course  in  Non-Fer- 
rous    Metallurgy 

64S — Summer  Course  in  Ferrous 
Metallurgy 

66S — Summer  Course  in  Non-fer- 
rous Metallurgy 

82S — Summer    School    in    Assaying 

81 — Assaying 
182 — Assaying 
188 — Assaying 

Mineralogy 

1-2 — Descriptive   and   Determinative 

Mineralogy 
5 — The  Minerals  of  Building  Stones 


6 — Optical  Mineralogy 


7-8 — Descriptive   and    Determinative 
Mineralogy.       (Modification    of 
Min.    1) 
10 — Mineralogy  and  Crystallography 
15-16 — Determinative  Mineralogy 

Mining 

51 — Excavation  and  Tunneling. 


Pre-requisite 

Met.    122    (Metallurgy  of  Lead,   Silver, 
Gold  and  Zinc) 

Phys -3-4-5    (Elementary  Mechanics  and 

General  Physics) 
Chem.3-4  (General  Inorganic  Chemistry) 
Phys.  3-4-5    (Elementary  Mechanics  and 

General  Physics) 
Chem.3-4  (General  Inorganic  Chemistry) 
Met.  131  (Metallurgy  of  Iron  and  Steel) 

Phys.  3-4-5   (Elementary  Mechanics  and 

General  Physics) 
Chem.  3-4  (General  Inorganic  Chemistry) 
Met.  141  (Electrometallurgy) 

Met.   in    (Metallurgy  of  Copper) 


Met.  131  (Met.  of  Iron  and  Steel)  or 
Met.  134  ( Metallurgy  of  Iron  and  Steel) 
Met.  151  (Constitution  and  Properties  of 

Alloys) 
Met.  in  (Metallurgy  of  Copper) 


Met.  171  (Metallurgical  Laboratory) 
Met.  171  (Metallurgical  Laboratory) 
Met.    122    (Metallurgy   of   Lead,    Silver, 
Gold  and  Zinc) 


Draft.   3-4,    7-8 

C.E.  53;  Met.  122,  64S  and  66S 

Met.  101   (General  Metallurgy) 

Met.  122    (Metallurgy   of   Lead,    Silver, 

Gold  and  Zinc) 
Chem.   3-4  and  61-62 
Mineralogy   1-2,   or   7-8 
Chem.    3-4  and  61-62 
Mineralogy  1-2,  or  7-8 
Met.  81   or    182 


Entrance  Chemistry 

Entrance  Physics 

Entrance  Chemistry 

Entrance  Physics 

Min.    5    (Minerals   of   Building   Stones) 

or  part  of 
Min.  r-2  (Descriptive  and  Determinative 

Mineralogy)  or  equivalent 
Entrance  Chemistry 
Entrance  Physics 

Min.    15-16 
Entrance  Chemistry 
Entrance  Physics 


Entrance  Mathematics 
Entrance  Chemistry 
Entrance  Physics 


SCHEDULE  OFPRE-REQUISITES 
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Subject 
-Boring  and   Shaft   Sinking 


.s-1- 


53 — Excavation,  Tunneling,  Bor- 
ing and  Shaft  Sinking.  (For 
C.E.)  (Condensation  of  E.M. 
51  and  52) 

54 — Exploration,  Development,  and 
Methods  of  Working.  (For 
E.M.  and  Met.E.) 

Prerequisite  or  Parallel 


56 — Mine  Engineering 

Prerequisite  or  Parallel 


71-72 — Mine  Plant 


73 — Mine  Constructions.    (For  E.M. 

and  Met.E.) 
75 — Design  of  Mine  Plant 

Parallel    E.M.     71-72     (Mine 

Plant) 

77-78 — Graduating  Thesis  or  Project 

80 — Mill   Constructions 

81 — Ore  Dressing,   Milling,   and  the 

Mechanical  Preparation  of  Coal. 

(For  E.M.  and  Met.E.) 


82 — Ore-Dressing  Laboratory.     (For 

E.M.  and  Met.E.) 
91 — Mine  Administration.   (For  E.M. 

and  Met.E.) 
94 — Mining   Law.      (For    E.M.   and 

Met.E.) 


58 — Summer  Class  ii 
ing 


Mine  Survey- 


59 — Summer    Course    in    Practical 
Mining 


Pre-requisite 
E.M.  51   (Excavation  and  Tunneling) 

Entrance  Mathematics 
Entrance  Chemistry 
Entrance  Physics 

Geol.    5-6 


Geol.  105-106  (Economic  Geology) 

E.M.  51  and  52  (Excavation  and  Tun- 
neling,  Boring  and   Shaft   Sinking) 

E.M.   54 

E.M.  71-72  (Mine  Plant) 

C.E.  76  (Hydraulics) 

C.E.  28   (Surveying) 

E.M.   51-52 

E.M.  54  (Exploration,  Development  and 
Methods  of  Working) 

M.E.  13-14  (Steam  Power  Machinery) 


Draft.    3-4,    7-8    (Structural    Drafting) 

C.E.  53  (Elasticity  and  Resistance  of 
Materials) 

Mining  59 

All  required  subjects  in  Mining 

M.E.  13-14  (Steam  Power  Machinery) 

Min.  1-2  (Descriptive  and  Determina- 
tive  Mineralogy) 

Phys.  3-4  (Elementary  Mechanics  and 
General  Physics) 

Mech.  102  (Analytical  Mechanics) 

E.M.  81  (Ore  Dressing,  Milling,  and  the 
Mechanical  Preparation  of  Coal) 

E.M.  54  (Exploration,  Development  and 
Methods  of  Working) 

C.E.  27  (Surveying) 

E.M.  54  (Exploration,  Development  and 
Methods  of  Working) 

C.E.  27  (Surveying) 

M.E.  13-14  (Steam  Power  Machinery) 
E.M.  54  (Exploration,   Development  and 

Methods  of  Working) 
E.M.  51  and  52 
C.E.  15  and  27 
Geol.  105-106 


Physical  Education 


A1-A2 
B1-B2 


Phys.  Ed.  A1-A2 


Physics  and  Mechanics 

Mech.  1 — Mechanics:   Statics. 


Phys.  3-4 — General  Physics:  Me- 
chanics, Wave-motion,  Heat  and 
Light 

Phys.  5 — Electricity 

Phys.    43-44 — Phvsical    Laboratory 

Parallel  Phys.  5 
Phys.  55 — Physical    Measurements 

Parallel  Phys.  5 
Mech.  102 — Mechanics 


Entrance  Physics 

Entrance    Mathematics    (including   Trig- 
onometry) 

Entrance  Physics 

Entrance    Mathematics    (including   Trig- 
onometry) 

Phys.  3-4  (Mechanics,  Wave-Motion, 
Heat  and  Light) 

Phys.  3-4  (Mechanics,   Wave-Motion, 
Heat  and  Light) 

Phys.  3-4  (Mechanics,  Wave-Motion, 
Heat  and  Light) 

Mech.  1  (Mechanics:   Statics) 
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Subject 


Mech.  ios — Thermodynamics 


Pre-requisite 

Phys.  3  (Mechanics,  Wave-Motion,  and 
first  part  of  Heat) 

Math.  64  and  65  (Differential  and  In- 
tegral Calculus) 

Phys.  4  and 

Mech.    102  (Mechanics) 


Mech.  107-108 — Theory  of  Electricity     Phys.   5  and 

and  Magnetism  Math.  64-65 

Mech.  109-110 — Theory  of  Alternat- 


ing     Current      Machines      and     Mech.     107-108     (Theory    of    Elecricity 
Iheory  of  Electrical   Circuits  and  Magnetism) 


Shop  Work 


1 — Wood-turning  and  Pattern  Mak- 
ing.    (For  M.E.) 
2 — Molding   and    Foundry   Practice. 

(For  M.E.) 
10S— Machine  Work.     (For  M.E.) 
11 — Machine  Work.      (For  M.E.) 
12 — Forging.     (For  M.E.) 
13-14 — Machine  Work.      (For  E.E.) 
15 — Forging  and  Foundry  Practice. 

(For  C.E.) 
16— Machine  Work.     (For  C.E.) 
18S— Pattern-making.  (For  Chem.E.) 


Shop  Work  108  (Machine  Work) 
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GENERAL   INFORMATION 
REGARDING   COLUMBIA   UNIVERSITY 

Columbia  University  was  founded  in  1754  as  King's  College.  In 
1784,  after  the  Revolutionary  War,  King's  College  became,  by  act  of 
the  Legislature  of  the  State  of  New  York,  Columbia  College.  The 
institution  whose  name  was  thus  changed  has  become  Columbia 
University. 

Students  in  the  Schools  of  Mines,  Engineering  and  Chemistry  may 
enjoy  every  advantage  to  be  derived  from  the  resources  of  the  Uni- 
versity. The  University  occupies  thirty-six  buildings,  and  its  grounds 
cover  thirty-five  acres.  The  number  of  officers  of  instruction  in  1912-13 
was  869,  and  of  resident  students  8,944. 

University  The  Library  contains  about  500,000  bound  volumes, 

Library  catalogued  both  by  authors  and  by  subjects. 

It  is  open  each  week-day  from  8.30  a.m.  until  11 
p.m.  (in  summer,  10  p.m.).  All  students  and  graduates  have  free 
access  and  may  draw  books  for  home  use. 

Physical  The  Gymnasium  is  open  each  week-day  from  9.00 

Exercise  a.m.  to  7  p.m.  ;  and  on  Mondays,  Thursday,  and  Satur- 

days until  10  p.m. 

Every  student  is  entitled  to  a  physical  examination  by  the  Medical 
Director  and  to  advice  as  to  the  kind  and  amount  of  exercise  best 
adapted  to  his  needs.     For  the  Gymnasium   fee  see  page  21. 

The  main  exercising  room  is  35  feet  high,  semicircular  in  shape, 
and  has  an  area  of  16,000  square  feet.  It  is  well  lighted  and  well 
ventilated.  Above  are  the  10-lap  running  track,  rooms  for  fencing, 
boxing,  and  handball,  dressing-rooms  with  1,804  steel  lockers,  and 
32  shower-baths.  Below  the  exercising  room  is  the  semicircular 
swimming  pool,  100  feet  by  50,  and  4  to  10  feet  deep,  and  shower-, 
needle-,  and  tub-baths. 

A  two-hour  course  in  Physical  Education  is  prescribed  for  all  first 
and  second  year  undergraduate  students,  arranged  with  a  view  to  secur- 
ing: first,  health;  second,  strength,  control,  efficiency,  and  endurance; 
third,  erect  carriage. 

There  are  on  South  Field  a  practice  field  for  baseball,  lacrosse, 
and  football,  a  quarter  mile  running  track,  tennis  courts,  and  the  Uni- 
versity Boat  House  is  within  easy  reach. 

Employment  The  Employment  Committee  endeavors  to  give  stu- 

Committee  dents  who  need  it  the  opportunity  to  earn  enough  for 

partial  or  complete  support,  and  to  extend  assistance 

in   other  ways.     The   office  of  the  secretary  of  the   Committee  is  in 


GENERAL  INFORMATION  131 

Room  312,  East  Hall.  Communications  should  be  addressed  to  the  Com- 
mittee. Some  of  the  openings  available  are:  private  tutoring,  trans- 
lating, addressing,  copying  of  various  sorts,  teaching  in  evening  schools, 
stenography.  During  the  last  ten  years  student  earnings  reported  to  the 
Committee  have  averaged  about  $100,000.00. 

Preference  is  naturally  given,  in  case  of  a  choice  of  applicants,  to 
those  who,  as  strangers  in  New  York,  are  not  likely  to  hear  of  posi- 
tions through  other  channels.  No  prospective  student  should  come  to 
Columbia  expecting  to  depend  entirely  or  even  largely  upon  the  assist- 
ance of  the  Committee,  and  every  student  should  be  prepared  to  meet 
at  least  the  expenses  of  the  first  half-year — say  $250. 

The  chiefs  of  clinic  in  the  Medical  School  give  advice  without  charge 
to  students  on  the  lists  of  the  Committee. 

There  are  also  Appointment  Committees  whose  duty  it  is  to  recom- 
mend graduates  for  teaching  or  other  positions  in  colleges  and  uni- 
versities and  to  assist  competent  men  to  obtain  such  positions. 


The  University   Health    and   Sanitary    Officer,   Dr.  Medical 

McCastline,  will  have  direct  supervision  of  all  matters         Attendance 
affecting  the  health  of  the  student  body.    All  cases  of 
communicable  disease  occurring  in  homes  of  students  must  be  promptly 
reported  to  him. 

As  University  physician  Dr.  McCastline  will  hold  office  hours  daily 
in  Earl  Hall  for  consultation  with  the  students. 

For  those  who  are  without  local  family  physicians  there  is  a  Medical 
Visitor  (Dr.  D.  S.  D.  Jessup,  601  W.  113th  Street)  whose  duties  are  to 
render  medical  assistance  to  such  officers  and  students  as  may  desire  it,, 
either  at  their  homes  or  elsewhere,  at  a  remuneration  to  be  arranged 
between  himself  and  individual  patients. 

There  are  three  University  residence  halls  on  South  Residence 

Field,  with  accommodations  for  700  men ;  Hartley  Hall,  Halls 

a  memorial  to  the  late  Marcellus  Hartley,  Livingston 
Hall,  named  in  memory  of  Robert  R.  Livingston,  of  the  class  of  1765, 
and  Furnald  Hall,  provided  for  in  the  will  of  the  late  Francis  P. 
Furnald  in  memory  of  his  son,  Royal  Blackler  Furnald,  a  member  of 
the  class  of  1901.  Each  building  is  137  feet  by  60  and  10  stories  high. 
They  have  electric  light,  steam  heat,  telephones,  elevators  and  shower 
baths. 

Hartley  and  Livingston  each  contain  300  rooms,  the  average  size  of 
the  bedrooms  being  8'  o"  x  14'  6",  and  of  the  studies  10'  o"  x  14'  6". 
Furnald  contains  294  rooms,  the  average  size  of  the  bedrooms  being  9'  o"  x 
14' 9",  and  of  the  studies  11'  6"  x  13'  6".  All  the  rooms  have  outside 
light  and  exposure,  and  the  arrangement  permits  of  flexibility  in  rent- 
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ing  rooms  in  suites.  There  are  also  several  double  rooms.  All  ceilings 
are  nine  feet  high.  Each  bedroom  has  a  clothes  closet  and  basin  with 
hot  and  cold  running  water.  The  rooms  are  provided  with  heavy  oak 
furniture  of  the  Mission  type.  There  are  four  shower  baths  on  each 
floor.    All  the  water  used  in  the  Halls  is  filtered. 

The  entrance  for  students  to  each  Hall  is  from  the  campus,  and  leads 
directly  into  a  large  assembly  room  60  feet  square.  This  room  runs 
up  through  two  stories  and  has  a  large  open  fireplace  opposite  the 
entrance.  It  is  furnished  in  heavy  leather-covered  oak.  At  one  side 
of  the  main  entrance  is  the  office  of  the  Hall,  and  on  the  other  a 
reception  room.  In  the  basement  is  space  for  trunk  storage.  All 
baggage  should  be  addressed  to  Hartley,  Livingston,  or  Furnald  Hall, 
Columbia  University,  and  all  charges  should  be  prepaid. 


The    University   Commons,    in    University   Hall,    is 
University  operated  under  University  management  for  the  benefit 

Commons  of  officers  and  students.     The  service  is  a  la  carte,  or 

regular  board  may  be  secured  for  $6  a  week. 

Other  Besides  the  dormitories  and  the  Greek  Letter  Society 

Accommo-  club-houses  there  are  many  good  boarding-houses  and 

dations  apartments   near  the  University,   a  card-catalogue   of 

which  is  kept  at  Earl  Hall. 

Public  In  addition  to  the  regular  courses  of  instruction,  nu- 

Lectures,  etc.  merous  public  lectures  are  given  by  the  Institute  of 
Arts  and  Sciences,  ordinarily  by  persons  of  distinction 
who  are  not  members  of  the  teaching  staff.  The  University  maintains 
close  relations  with  the  other  educational  and  public  institutions  of  the 
city,  and  students  enjoy  unusual  privileges  at  them.  Students  are  also 
frequently  given  the  opportunity  to  enjoy  important  dramatic  and 
musical  performances  at  a  considerable  reduced  cost. 

St.  Paul's  St.  Paul's  Chapel,  the  gift  of  Olivia  Egleston  Phelps 

Chapel  Stokes  and  Caroline  Phelps  Stokes,  as  a  memorial  to 

their  parents,  is  in  the  form  of  a  cross,  the  greatest 
length  being  122  feet  and  the  width  at  the  transepts  77  feet.  In  all  1,050 
sittings  are  provided.  Of  these,  120  are  in  the  choir,  which,  as  in  the 
English  cathedrals,  may  itself  be  used  for  a  religious  service  at  which 
the  attendance  is  small. 

Service,  at  which  attendance  is  voluntary,  is  held  every  week-day 
except  Saturday,  at  noon— the  period  from  12  to  12.20  being  set  apart  by 
the  University  for  religious  exercises— and  on  Sunday  afternoons  at 
4  p.m.    There  are  also  frequent  organ  recitals. 
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Special  University  services  are  held  on  the  Wednesday  preceding  the 
Thanksgiving  recess  and  on  the  first  Wednesday  of  the  second  half  year. 

The  chaplain  and  Mrs.  Knox  are  at  home  to  students  (413  West 
1 1 7th  Street)  each  Sunday  afternoon  after  the  service. 

Earl  Hall,  the  home  of  the  religious,  philanthropic,  Earl  Hall 

and  social  organizations  and  interests,  is  open  to  all 
students,  without  expense,  from  8.30  a.m.  to  10  p.m.  daily,  under  the 
management  of  its  Secretary,  who  is  also  Secretary  of  the  University 
Young  Men's  Christian  Association.  Provision  for  the  meetings  of 
student  organizations  is  made  in  the  following  order:  Societies  the 
purpose  of  which  is  (1)  primarily  religious;  (2)  primarily  philan- 
thropic; (3)  primarily  literary;  and  (4)  miscellaneous  student  organ- 
izations. The  building  is  also  much  used  as  a  general  student  club 
house. 

The  various   student  organizations,  while   self-gov-  Student 

erning,  are  subject  to  the  following  regulations:  The  Organizations 
schedules  of  public  contests  and  performances  must 
be  approved  by  the  University  Committee  on  Student  Organizations; 
budgets  for  expenditure  are  approved  and  checked  by  the  Comptroller 
of  Student  Organizations ;  the  University  Committee  on  Athletics,  con- 
sisting of  three  graduates,  two  students  and  two  University  officers, 
adopt  and  administer  rules  of  eligibility  not  involving  questions  of 
scholarship  and  govern  participation  in  inter-collegiate  athletics.  A 
pamphlet  containing  the  full  regulations,  the  constitution  of  the  Ath- 
letic Association  and  the  constitution  of  the  Board  of  Student  Repre- 
sentatives may  be  obtained  from  the  Secretary  of  the  University. 

A  college  graduate  who  completes  with  marked  dis-  The  Degree 
tinction  one  of  the  regular  professional  courses  may  of  A.M. 

be  recommended  for  the  degree  of  Master  of  Arts  if, 
while  pursuing  his  professional  course,  he  shall  have  taken  additional 
work,  under  the  Faculty  of  Pure  Science,  Philosophy  or  Political  Sci- 
ence, to  the  extent  of  a  major  subject,  and  have  presented  a  satis- 
factory essay  upon  an  assigned  topic.  A  detailed  statement  of  the 
requirements  for  this  degree  and  also  for  the  Ph.D.,  with  a  list  of 
subjects  which  may  be  offered,  will  be  found  in  the  Announcement  of 
the  Faculties  of  Political  Science,  Philosophy  and  Pure  Science.  See 
also  page  14. 

For  information  as  to   the  twelve  University  Fel-        Fellowships 
lowships,  of  the  annual   value  of  $650  each,  and  the 
several  endowed  fellowships  open  to  qualified  candidates  for  the  de- 
grees of  Master  of  Arts  and  Doctor  of  Philosophy,  see  the  Announce- 
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tnent  of  the  Faculties  of  Political  Science,  Philosophy  and  Pure  Science, 
or  the  University  Catalogue. 

The  following  are  of  particular  interest  to  students  of  Mines, 
Engineering  and  Chemistry,  who  are  advised  to  familiarize  themselves 
with  the  special  regulations  governing  them: 

The  Tyndall  Fellowship  for  the  Encouragement  of  Research  in 
Physics,  endowed  by  Professor  John  Tyndall,  and  of  an  annual  value 
of  $648;  the  Barnard  Fellowship  for  Encouraging  Scientific  Research, 
endowed  by  the  bequest  of  the  late  President  Barnard,  annual  value 
$412.50;  the  Ernest  Kempton  Adams  Research  Fellowship,  founded 
by  Mr.  Edward  Dean  Adams  in  memory  of  his  son,  Ernest  Kempton 
Adams,  annual  value  $1,250;  and  the  Samuel  Anthony  Goldschmidt 
Fellowship  in  Chemistry,  of  an  annual  value  of  $670.30. 

Students 

In  1912-13  the  registration  in  the  Schools  of  Mines,  Engineering  and 
Chemistry  is  as  follows  : 

First-year    class jg0 

Second-year    class j5x 

Third-year    class I4- 

Fourth-year   class z$g 

Non-matriculated   23 

Students   from  Columbia  College 10 

Total 67g 

Of  students  registered,  73  already  held  a  college  or  technical  degree, 
representing  37  institutions.  In  addition  there  are  registered  under 
the  Faculty  of  Pure  Science  as  candidates  for  the  A.M.  and  Ph.D. 
degrees  17  students  with  some  branch  of  Engineering  (including  9  in 
Highway  Engineering)  and  56  with  Chemistry  as  a  major  subject. 
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ALUMNI  ORGANIZATIONS 

The  Alumni  Association  of  the  Schools  of  Science  of  Columbia 
University  includes  in  its  membership  graduates  of  the  Schools  of 
Mines,  Engineering  and  Chemistry.  Associate  membership  is  open  to 
non-graduates,  members  of  classes  that  have  graduated. 

Honorary  membership  is  open  to  all  persons  eminent  in  Science 
who  are  or  have  been  connected  with  any  of  the  Schools  of  Science 
of  Columbia  University. 

Its  officers  for  1912-13  are: 

President,  Benjamin  B.  Lawrence,  E.M.,  '78. 

Vice-President,  Robert  Van  A.  Norris,  E.M.,  '85. 

Treasurer,  John  S.  Douglas,  E.E.,  '90. 

Secretary,  Ralph  E.  Mayer,  C.E.,  '79- 

Post  Office  Substation  84,  New  York  City. 

Board  of  Managers 
J.  R.  Brinley,  C.E.,  '84.  W.  M.  Meserole,  C.E.,  '8i. 

W.  I.  Slichter,  E.E.,  '96.  F.  D.  Dodge,  Ph.B.  (Chem.),  '88. 

W.  Newell,  M.E.,  '07.  D.  M.  Myers,  M.E.,  '01. 

E.  C.  Kendall,  Chem.,  '08.  G.  E.  Hutchinson,  E.E.,  '09. 

Delegates  to  the  Alumni  Council 

Charles  B.  Going,  Ph.B.,  '82  Edgar  G.  Barratt,  C.E.,  '84. 

Daniel  E.  Moran,  C.E.,  '84. 

A  complete  list  of  the  Alumni,  giving  the  addresses  of  each,  and  in 
the  case  of  those  who  are  members  of  the  Association,  a  detailed  record 
of  their  professional  careers,  is  published  and  may  be  had  on  application 
to   Professor  R.  E.  Mayer,   Secretary,  Columbia  University. 

The  Alumni  Secretary  will  also  be  glad  to  put  prospective  students 
in  communication  with  Alumni  in  different  parts  of  the  country.  Such 
Alumni  are  often  able  to  furnish  information  in  a  personal  interview 
regarding  the  Schools  of  Mines,  Engineering  and  Chemistry  which 
inquirers  at  a  distance  could  obtain  in  no  other  way. 

General  Alumni  Organizations 

Alumni  Council: 
John  Howard  Van  Amringe,  '6o,  Chairman 
George  Brokaw  Compton,  '09,  Secretary,  Columbia  University 

Society  of  the  Early  Eighties: 
Francis  E.  Ward,  '81  S,  President 
Girard  Romaine,  '82,  Secretary,  68  Broad  Street,  New  York  City 
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Society  of  Older  Graduates: 

Pierre  de  P.  Rickets,  '71  S,  '76  Ph.D.,  President. 
William  de  L.  Benedict,  '74  S,  Secretary,  19  Cedar  Street,  New  York 
City. 

Society  of  the  Upper  Eighties: 
Arthur  S.  Dwight,  '85  S,  President 
Edward  L.  Dodge,  '88  S,  Secretary,  32  Nassau  Street,  New  York  City. 

Local  Association  Secretaries 

Albany-Barnard  Bronson,  '08,  Albany  Normal  School,  Albany, 
N.  Y.  J' 

California-Dr.  John  C.  Spencer,  '82,  '85  M„  Butler  Building,  San 
Francisco,   Cal. 

China-Dr.  F.  E.  Hinckley,  '05  Ph.D.,  District  Attorney,  United 
Mates  Court  for  China,  Shanghai,  China. 

Colorado-John  E.  Fetzer,  '08  L,  824  Equitable  Bldg.,  Denver,  Colo. 

Connecticut-John  D.  Irving,  '96,  Yale  University,  New  Haven  Conn. 

Cuba-Humberto  Fonts,  '09,  S,  Empedrado  59,  Havana,  Cuba. 

District  of  Columbia— George  Oakley  Totten,  Jr.,  '91  F.  A.  808  Seven- 
teenth Street,  N.  W.,  Washington,  D.  C. 

Illinois-Dr.  Emory  Hill,  '04,  22  East  Washington  Street,  Chicago, 

Indiana-Mark  H.  Miller,  '07  L,  Lemcke  Building,  Indianapolis, 
Indiana. 

Japan-Rev.  Kentok  Hori,  '07  A.  M.,  College  of  Literature,  Imperial 
University  of  Tokio,  Tokio,  Japan. 

Kansas  City-Dr.  Walter  S.  Sutton,  '07  M,  810-815  Rialto  Building, 
Kansas  City,  Mo. 

Kentucky— F.  A.  Busse,  '03  S.,  800  Third  Street,  Louisville,  Ky. 
Madison   (Wisconsin)— John  L.  Kind,  '06,  Ph.D.   (President),  Uni- 
versity of  Wisconsin,  Madison,  Wis. 

Mexico-Herbert  C.  Enos,  '06  S,  P.  O.  Box  1583,  Gante  No.  1, 
Mexico  City,  Mexico. 

Michigan-Dr.  Theodore  A.  McGraw,  Jr.,  '02  M.,  73  Cass  Street, 
Detroit,  Michigan. 

Minnesota— Professor  Gregory  D.  Walcott,  '04  Ph.D.,  Hamline  Uni- 
versity, St.  Paul,  Minn. 

Nashville— Eugene  Tavenner,   'oi,   Murfreesboro,  Tenn. 
Nebraska-Dr.  C.  W.  Pollard,  '99  M.,  Paxton  Block,  Omaha,  Neb. 
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New  England-Franklin  S.  Hoyt,  '05  A.M.,  care  Houghton   Mifflin 
and  Company,  4  Park  Street,  Boston,  Mass. 

New  Jersey-Joseph  D.  Sears,  '11,  425  Franklin  Street,  Bloomfield, 
New  Jersey. 

North   Carolina-Henry  J.   Highsmith,  T.C.,  Wake  Forest   College 
Wake  Forest,  N.  C. 

Ohio,    Northern     (Cleveland)-Frederic    W.    Striebinger     '05  FA 
1215  New  England  Building,  Cleveland,  Ohio. 

Ohio,  Central  (Columbus) -Professor  F.  P.  Graves,  '90,  Ohio  State 
University,   Columbus,  Ohio. 

Paris-Charles  F.  Beach,  Jr.,  '81  L.,  95  rue  des  Petits-Champs,  Paris 
France.  ' 

Philadelphia-H.  F.  Sanville,  Hale  Bldg.,  Philadelphia,  Pennsylvania. 

Pittsburg— W.  J.  Strassburger,  'oi  F.A.,  Glassmere,  Pa. 

St.   Louis— William  E.   Baird,   '02  L,   Law   Department,   City  Hall, 
St.  Louis,   Mo. 

Utah— C.  H.  Doolittle,  '85  S,   1242  East   South  Temple,  Salt  Lake 
City,  Utah. 

Virginia— Jackson   Davis,   '08   A.M.,   Board   of   Examiners,    Peters- 
burg, Va. 

Washington— H.   K.   Benson,  '07  Ph.D.,   University  of   Washington, 
Seattle,  Washington. 

Western  New   York-A.  H.  Hopkins,   '08  F.A.,   German  Insurance 
Company  Bldg.,  Buffalo,  N.  Y. 

Wisconsin— H.   W.   Buemming,   '95   F.A.,   521   Jackson   Street,   Mil- 
waukee, Wisconsin. 

Yonkers— James  F.  Prince,  '08,  149  N.  Broadway,  Yonkers,  N.  Y. 
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ACADEMIC  CALENDAR 


1913-1914 

1913 

July       7.    Monday.     Fourteenth  Summer  Session  opens. 

Aug.     15.    Friday.    Fourteenth  Summer  Session  closes. 


Sept.     15.    Monday.      Entrance    examinations    and    examinations    for 

deficient  and  debarred  students  begin. 
Sept.     17.    Wednesday.     Registration  begins. 

Sept.  23.  Tuesday.  Registration  ceases  for  students  previously 
matriculated.  Later  applications  received  only  on  pay- 
ment of  an  additional  fee  of  $5. 
Sept.  24.  Wednesday.  First  half-year,  160th  year,  begins.  Registra- 
tion ceases  for  students  not  previously  matriculated. 
Later  applications  received  only  on  payment  of  an  addi- 
tional fee  of  $5. 

Thursday.    Lectures  and  recitations  begin  in  courses. 

Tuesday.     Stated  meeting  of  University  Council. 

Tuesday.    Election  Day,   holiday. 

Wednesday.    University  service  in  St.  Paul's  Chapel. 

Thursday,  to  November  29,  Saturday,  inclusive,  Thanksgiv- 
ing holidays. 

Tuesday.     Stated  meeting  of  University  Council. 

Sunday.     Memorial  service,  St.  Paul's  Chapel. 

Monday,    to 

1914 

Saturday,   inclusive,   Christmas  holidays. 

Monday.  Last  day  for  filing  applications  for  entrance  ex- 
aminations. 

Monday.     Mid-year  entrance  examinations  begin. 

Wednesday.    Mid-year  examinations  begin. 

Tuesday.    First  half-year  ends. 

Wednesday.  Second  half-year  begins.  University  service 
in  St.  Paul's  Chapel.  Registration  ceases  for  students 
entering  second  half-year.  Later  applications  received 
only  on  payment  of  an  additional  fee  of  $5.  Scholars 
to  report  to  the  Registrar. 

Thursday.    Alumni  Day. 

Tuesday.     Stated  meeting  of  University  Council. 

Monday.    Washington's  Birthday,  holiday. 

Thursday,  to  April  13,  Monday,  inclusive,  Easter  holidays. 

Tuesday.     Stated  meeting  of  University  Council. 


Sept. 

25. 

Oct. 

21. 

Nov. 

4- 

Nov. 

26. 

Nov. 

27. 

Dec. 

16. 

Dec. 

21. 

Dec. 

22. 

Jan. 

3- 

Jan. 

5- 

Jan. 

12. 

Jan. 

21. 

Feb. 

3- 

Feb. 

4- 

Feb. 

12. 

Feb. 

17. 

Feb. 

23. 

April 

9. 

April 

21. 
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May       1.     Friday.    Last  day  for  filing  applications  for  scholarships. 
May       1.    Friday.    Deficiency    examinations    begin    for    fourth-year 

students  only. 
May       9.     Saturday.    Last  day  of  instruction  for  fourth-year  students. 
May     13.    Wednesday.     Final  examinations  begin  in  subjects  of  the 

fourth  year  only. 
May     16.     Saturday.     Last  day  of  instruction  for  first-,  second-  and 

third-year  students. 
May     18.    Monday.     Final  examinations  begin. 
May     30.     Saturday.     Memorial  Day,  holiday. 
May     31.     Sunday.     Baccalaureate  service. 
June       1.    Monday.     Class  Day. 
June       3.    Wednesday.     Commencement  Day. 
June     10.    Wednesday.     Second  half-year  ends. 
June     15.    Monday.    Entrance  examinations  begin. 

July       6.    Monday.    Fifteenth  Summer  Session  opens. 
Aug.     15.     Friday.     Fifteenth  Summer  Session  closes. 


Sept.  14.  Monday.  Entrance  examinations  and  examinations  for  de- 
ficient and  debarred  students  begin. 

Sept.     16.    Wednesday.     Registration  begins. 

Sept.  22.  Tuesday.  Registration  ceases  for  students  previously  ma- 
triculated. Later  applications  received  only  on  payment 
of  an  additional  fee  of  $5. 

Sept.    23.    Wednesday.    First  half-year,  161st  year,  begins.     Registra- 
tion   ceases    for    students    not   previously   matriculated. 
Later  applications  received  only  on  payment  of  an  addi- 
tional fee  of  $5. 
The  last  day  of  the  second  half-year  falls  on  the  second  Wednesday 

in  June,  and  the  academic  year  opens  37  weeks  before  that  date.    The 

second  half-year  opens  on  Wednesday,  19  weeks  from  the  opening  of 

the  first  half-year. 
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FACULTY  OF  APPLIED  SCIENCE 

Officers   of  the   Faculty 

Frederick  Arthur  Goetze,  M.Sc.  . .  .Dean  and  Member  of  the  Univer- 
sity Council,  ex-officio 

Henry  S.  Munroe,  E.M.,  Ph.D.,  Sc.D Elected  Delegate  to  the 

University  Council 
Alexander  Smith,  Ph.D.  .  .Elected  Delegate  to  the  University  Council 
Adam  Leroy  Jones,  Ph.D Secretary 

Committee  on  Instruction 

Dean  Goetze  (Chairman),  Professors  Kemp,  Lovell,  Mayer,  Munroe, 

Slichter,  Wendell  and  Whitaker 

Committee  on  Admissions 

Professors  Jones  (Chairman),  Mayer,  Morecroft  and  Thomas 

The  Faculty 

Nicholas  Murray  Butler President  of  the  University 

A.B.,  Columbia,  1882;  A.M.,  1883;  Ph.D.,  1884;  LL.D.,  Syracuse,  1898; 
lulane,  1901;  Johns  Hopkins,  Princeton,  Yale,  and  University  of  Pennsyl- 
vania, 1902;  Chicago,  1903;  Manchester  and  St.  Andrew's,  1905;  Cambridge, 
1907;  YVilliams,  1908;  Harvard  and  Dartmouth,  1909;  D.Litt.,  Oxford,  1905- 
Jur.D.  Breslau  1911;  Officer  de  la  Legion  d'Honneur,  1906,  Commander, 
1912;  Order  of  the  Red  Eagle  (Prussia),  Commander,  19 10;  Member 
American  Academy  of  Arts  and  Letters,   191 1. 

Frederick  Arthur  Goetze Dean  of  the  Faculty 

M.Sc,   Columbia,   1905. 

Henry  S.  Munroe Professor  of  Mining 

E.M.,  Columbia,  1869;  Ph.D.,  1876;   Sc.D.,   1904. 

Alfred  J.  Moses Professor  of  Mineralogy 

E.M.,   Columbia,   1882;   Ph.D.,   1890. 

James  Furman  Kemp Professor  of  Geology 

A.B.,  Amherst,  1 881;  Sc.D.,  1906;  E.M.,  Columbia,  1884;  LL.D.,  McGill, 
1913;   Member  National  Academy  of  Science. 

Robert  Peele Professor  of  Mining 

E.M.,  Columbia,  1883. 

Francis  B.  Crocker Professor  of  Electrical  Engineering 

E.M.,  Columbia,  1882;  Ph.D.,  1895. 

Michael  Idvorsky  Pupin Professor  of  Electro-Mechanics 

and  Director  Phoenix  Research  Laboratories 
A.B  ,  Columbia,  1883;  Sc.D.,  1904;  Ph.D.,  Berlin,  1889;  Member  National 
Academy  of  Science. 

William  H.  Burr Professor  of  Civil  Engineering 

C.E.,  Rensselaer  Polytechnic,   1872. 

'Thomas  Scott  Fiske Professor  of  Mathematics 

A.B.,  Columbia,  1885;  A.M.,   1886;  Ph.D.,  1S88. 


1Absent  on  leave,    19 14-15. 
2Absent  on  leave,  first  half-vear. 
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'Harold  Jacoby Rutherfurd  Professor  of  Astronomy 

A.B.,  Columbia,  1885;  Ph.D.,  1895. 

Earl  B.  Lovell Professor  of  Civil  Engineering 

C.E.,  Cornell,   1891. 

James  Maclay Professor  of  Mathematics 

C.E.,  Columbia,  1888;  Ph.D.,  1899. 

Marston  Taylor  Bogert Professor  of  Organic  Chemistry 

A.B.,  Columbia,   1890;  Ph.B.,   1894;  LL.D.,  Clark,  1909. 

J.  Livingston  Rutgers  Morgan Professor  of  Physical  Chemistry 

B.S.,  Rutgers,   1892;  A.M.  and  Ph.D.,  Leipzig,  1895. 
Amadeus  W.  Grabau Professor  of  Paleontology 

S.B.,    Massachusetts    Institute   of  Technology,    1896;    S.M.,   Harvard,    1808; 
o.U.,    1900. 

"Ralph  Edward  Mayer.  .Associate  Prof essor  of  Engineering  Draughting 

C.E.,   Columbia,    1879. 

Cassius  Jackson  Keyser A  drain  Professor  of  Mathematics 

B.S.,  Missouri,   1892;   A.M.,  Columbia,  1896;  Ph.D.,  1901. 

George  L.  Meylan.:.  .Associate  Professor  of  Physical  Education  and 

Medical  Director  of  the  Gymnasium 
M.D.,  New  York  University,  1896;  B.S.,  Harvard,  1902;  A.M.,  Columbia 
1904. 

Lea  McIlvaine  Luquer Assistant  Professor  of  Mineralogy 

C.E.,   Columbia,   1887;  Ph.D.,   1894. 

Henry  Clapp  Sherman Professor  of  Food  Chemistry 

B6Sy   ^uar^lando  Agricultural   College,    1893;    Sc.D.,    1913;    A.M.,    Columbia, 
1096;   Jrn.D.,  1897. 

Albert  P.  Wills Professor  of  Mathematical  Physics 

B.E.E.,  Tufts,  1894;  Sc.D.,  191 1;  Ph.D.,  Clark,   1897. 
Samuel  A.  Tucker Assistant  Professor  of  Electro-Chemistry 

Ph.B.,  Columbia,  1895. 

Charles  Edward  Lucke Professor  of  Mechanical  Engineering 

EC'S-    mil^c  ^thcx.^ity  of  New  York'  l89S;  M.S.,  New  York  University, 
1899;  Ph.D..  Columbia,   1902. 

Walter  Rautenstkauch Professor  of  Mechanical  Engineering 

B.S.,  Missouri,   1902;   M.S.,  Maine,   1903. 

"William  Campbell Associate  Professor  of  Metallurgy 

B.Sc,  Durham  University,  1898;  D.Sc,  1905;  M.Sc,  Royal  School  of  Mines, 
1903;  Ph.D.,   Columbia,  1903;  A.M.,   1905. 

Edward  Lawrence  Kurtz Assistant  Professor  of  Mining 

E.M.,   Columbia,   1893. 

Carlton  Clarence  Curtis Associate  Professor  of  Botany 

A.B.,  Syracuse,  1889;  Ph.D.,   1893;  A.M.,  Columbia,  1892. 

'Arthur  L.  Walker Professor  of  Metallurgy 

E.M.,  Columbia,  1883. 

George  Braxton  Pegram Associate  Professor  of  Physics 

A.B.,  Trinity  College  (N.  C),  189s;  Ph.D.,  Columbia,   1903. 

Bergen  Davis .Associate  Professor  of  Physics 

B.S.,  Rutgers,  1896;  A.M.,  Columbia,  1900;  Ph.D.,  1901. 

2Absent  on  leave,   first  half-year. 
8Absent  on  leave,   second  half-year. 
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Adam  Lnov  Jones Chairman  of  Committee  on   Undergraduate 

A.B.,  WiHian,,,  ,89S;  ruxftgSff'JS?  SeCreU"'y  0l  ^  Fa"tl'y 

CHARLBSsHCofU?NSIDsEs-.M' 4ssis"""  Pro'ess°r  <>f  Mechanic* 

B.S.,   Columbia,   1898;    A.M.,    1899. 

Mo*tokAke»Bt  Assistant  Professor  of  Electrieal  Engineering 

E.L.,  Columbia,    1898.  w 

CHARL«Ss PmBERKEY'  ■;•  • '  V, Associate  Professor  of  Geology 

B.S.,  Minnesota,   1892;  M.S.,   1893;  Ph.D.,  1897. 

John  Harold  Morecroft.  .Assistant  Professor  of  Eleetrieal  Engineering 
L.E.,  Syracuse,   1904;   B.S.,   1907. 

W'  BEpNhT'N  FlnE-  ;•-»,; Pr°f«"»  °f  Mathematics 

Ph.B.,  Cornell,   1892;   Ph.D.,  1901. 

Herbert  EHawkes.         Professor  of  Mathematics 

A.H.,   lale,   1896;   Ph.D.,    1900. 

Walter  Irvine  Slighter Professor  of  Electrieal  Engineering 

E.E.,  Columbia,   1896. 

GE0EG  B I  M  ENDELL'  -;•••• Pr°fe"or  of  Physics 

B.S.,  Massachusetts  Institute  of  Technology,  1892;  Ph.D.,  Leipzig,  ,808 

Milton  C.  Whitaker        Professor  of  Engineering  Chemistry 

B.S.,  Colorado,  1898;  M.S.,  1900;  LL.D  1913 

Everett  J    Hall Assistant  Professor  of  Assaying 

FL0YD  J:  }1e*zger Assistant  Professor  of  Industrial  Chemistry 

Ph.B.,   Buchtel,    1899;    Ph.D.,   Columbia,    1902 

Harryalb.  pcAoTumbi;;  -;^T^;ofessor  of  Mechanical  E»s—* 

SKU™c£TZl^?9S. *****  Professor  of  Drawing 

Edwa^  F   Kern Assistant  Professor  of  Metallurgy 

B.S.,  Tennessee.   1897;  Ph.D.,   Columbia,   1901. 

HAL  \  qBEv?'  ', Assistant  Professor  of  Chemistry 

B.S.,  Nebraska,  1899;  A.M.,  1900;  Ph.D.,  Columbia,   1904. 

Charles  W.  Thomas.  .Assistant  Professor  of  Mechanical  Engineering 

M.E.,   Stevens  Institute,    1884. 

ARTHUrRpH-  Blanchard Professor  of  Highway  Engineering 

C.E.,  Brown,   1890;  A.M.,  Columbia,  1902. 

Thomas  B.  Freas Assistant  Professor  of  Chemistry 

™d  Curator  of  the  Chandler  Museum 

A.B.,  Stanford,   1896;  Ph.D.,  Chicago,   191 1. 

Alexander  Smith Professor  of  Chemistry 

B.S.,    Edinburgh.    1886;    Ph.D.,    Munich,    1889. 

Thomas  H.  Harrington Assistant  Professor  of  Drawing 

C.E.,    Columbia,    1889. 

Leonard  D.  Nors worthy Assistant  Professor  of  Civil  Engineering 

C.E.,    Columbia,    1909;    A.M.,    1910. 

Frank  C.  Schroeder Assistant  Professor  of  Mechanics 

B.S.,  Wisconsin,   1907;  C.E.,   1910. 

Daniel  Dana  Jackson Assistant  Professor  of  Civil  Engineering 

vefsity^iS.111156"5  InStitUt6   °f  Technol°^   l893J    M.S.,   New  York   Uni- 
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George  B.  Preston Assistant  Professor  of  Steam  Engineering 

M.E.,  Cornell,  1888;  M.M.E.,  1897. 
J.  Enrique  Zanetti Assistant  Professor  of  Chemistry 

B.S.,   Harvard,    1906;   A.M.,    1907;   Ph.D.,    1909. 

Edward  D.  Thurston,  Jr Assistant  Professor  of  Mechanical 

Engineering 
A.B.,    Columbia,    1905;   M.E.,    1907. 

Other   Officers  of  Instruction 
Henry  Rogers  Seager Professor  of  Political  Economy 

Ph.B.,    Michigan,    1890;    Ph.D.,    Pennsylvania,    1894. 

Ralph  W.  Gifford Professor  of  Law 

A.B.,   Harvard,   1894;  LL.B.,    1902. 

Carlton  C.  Curtis Associate  Professor  of  Botany 

A.B.,   Syracuse,   1889;   Ph.D.,    1893;  A.M.,  Columbia,    1892. 

Robert  M.  Haig Instructor  in  Economics 

A.B.,   Ohio  Wesleyan,   1908;  A.M.,  Illinois,   1909. 

T.  Bruce  Kirkpatrick Instructor  in  Physical  Education 

B.S.,   Columbia,  1910;  A.M.,    1911. 

Edgar  Altenburg Assistant  in  Botany 

A.B.,  Columbia,   191 1;  A.M.,  1912. 

Harold  W.  Webb Assistant  Professor  of  Physics 

A.B.,  Columbia,  1905;  Ph.D.,  1909. 

Arthur  Colon  Neish Assistant  Professor  of  Chemistry 

A.B.,  Queen's   University,  1898:  A.M.,  Columbia,   1900;  Ph.D.,  1904. 

John  M.  Nelson Assistant  Professor  of  Organic  Chemistry 

B.S.,  Nebraska,   1901;  Ph.D.,  Columbia,    1907. 

Associates 

Frederick  A.  Halsey Associate  in  Mechanical  Engineering 

B.M.E.,  Cornell,   1878. 

Lincoln  De  Groot  Moss Associate  in  Mechanical  Engineering 

Frederick  V.  D.  Longacre Associate  in  Mechanical  Engineering 

F.  F.  Nickel Associate  in  Mechanical  Engineering 

Instructors 
Edward  K.  Judd Instructor  in  Mining 

A.B.,  Williams,   1901;  E.M.,  Columbia,   1904. 

Leighton  B.  Morse Instructor  in  Physics 

Ph.B.,  Iowa  College,  1903;  Ph.D.,  Columbia,  1908. 
Hermon  W.  Farwell Instructor  in  Physics 

A.B.,  Dartmouth,  1902;  A.M.,  1906. 
Harry   W.   Reddick Instructor  in  Mathematics 

A.B.,  Indiana,   1904;   A.M.,   Illinois,   1906;  Ph.D.,   Columbia,   191 1. 

Frederick  W.  Hehre Instructor  in  Electrical  Engineering 

E.E.,  Columbia,  1908. 

James   S.  Macgregor Instructor  in  Civil  Engineering 

B.S.,  Mass.  Inst,  of  Technology,  1902;  M.S.,   1904. 
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James  Kip  Finch Instructor  in  Civil  Engineering 

C.  E.,    Columbia,    1906. 

Arthur  Lowell  Herrick Instructor  in  Mechanical  Engineering 

B.S.,    Dartmouth,   1909;    C.E.,   Wisconsin,    1910. 

Morris   F.   Weinrich Instructor   in    Physics 

Mecb.E.,  Columbia,   1904;  A.M.,   1907. 

Willard  L.  Severinghaus Instructor  in  Physics 

A.B.,  German  Wallace  College,  1904;  A.M.,  1905. 

Frank  L.  Mason Instructor  in  Electrical  Engineering 

E.E.,  Columbia,  1909. 

Jesse  E.  Beans Instructor  in  Drawing 

Henry  B.  Drowne Instructor  in  High-way  Engineering 

C.E.,  Brown,   1903. 

Gordon   H.   Graves Instructor  in  Mathematics 

B.S.,   Earlham,  1905;  A.B.,  Haverford,  1906;  A.M.,  Columbia,   1909. 
Andrew  Bender Instructor  in  Analytical  Chemistry 

A.B.,  Lebanon  Valley  College,  1906. 

Frederick  Barry Instructor  in   Chemistry 

A.B.,   Harvard,    1897;    A.M.,    1909;   Ph.D.,   1911. 

Charles   A.   Fischer Instructor  in  Mathematics 

A.B.,  Wheaton,   1905;  A.M.,  Illinois,   1910;   Ph.JJ.,   Chicago,   1912. 
Harry  Linn  Fisher Instructor  in  Organic  Chemistry 

A.B.,   Williams,    1909;    A.M.,    Columbia,    1910. 

Harry  F.   Gardner Instructor  in  Mineralogy 

B.S.,  Michigan,    1912. 

Robert  H.  Lombard Instructor  in  Chemistry 

S.B.,  Massachusetts   Institute  of  Technology,    1910. 

Arthur  W.  S.  Thomas Instructor  in  Food  Chemistry 

Chemist,    Columbia,    1912;   A.M.,    1914. 

Herbert  L.  Whittemore Instructor  in  Mechanics 

B.S.,   Wisconsin,   1903. 

William  W.  Stifler Instructor  in  Physics 

A.B.,  Shurtleff,   1902;  A.M.,  Illinois,   1908;   Ph.D.,    191 1. 

Bernard  O.  Dodge Instructor  in  Botany 

Ph.B.,  Wisconsin,   1909;   Ph.D.,  Columbia,   1912. 

Walter  W.  McKirahan Instructor  in  Analytical  Chemistry 

A.B.,   Muskingum,    1905. 

Arthur  M.  Bus  well Instructor  in  Sanitary  Chemistry 

A.B.,  Minnesota,   1910;  A.M.  Maine,  1912. 

Robert  P.  Calvert Instructor  in  Chemistry 

A.B.,  Oklohoma,   1909;  A.M.,   1910;   S.M.,  Chicago,    1911. 

Harold  A.  Fales Instructor  in  Chemistry 

B.S.,    Brooklyn    Polytechnic,    191 1. 

James  Kendall Instructor  in  Chemistry 

M.A.,    Edinburgh;   B.Sc. 
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Lecturers 
William  S.  Day Lecturer  in  Physics 

A.B.,  Columbia,   1884;  Ph.D.,  Johns  Hopkins,  1897. 

Julian  Blanchard Lecturer  in  Physics 

A.B.,  Trinity   (N.   C),   1905;  A.M.,  Columbia,  1909. 

Curator   in   Paleontology 

Assistants 
George  A.  Scott Assistant  in  Physics 

B.S.,  Wisconsin,   1902. 

Edgar   Altenburg Assistant  in  Botany 

A.B.,  Columbia,  191 1. 

Clement  S.  Brainin Assistant  in  Physics 

A.B.,  Columbia,  1908. 

Everend  L.  Bruce Assistant  in  Mineralogy 

B.Sc,  Queen's,   1909;  B.A.,  1911. 

George  A.  Pfeiffer Assistant  in  Mathematics 

M.E.,  Stevens,   1910;  A.M..  Columbia,  1911. 
William  Hunt  Murphy Assistant  in  Physics 

B.S.,  McGill,    1908. 

Harold  P.  Banks Assistant  in  Metallurgy 

A.B.,  Columbia,   1910;   E.M.,   191 1. 
Frederick  Goucher Assistant  in  Physics 

A.B.,  Acadia,  1909;  B.Sc,   1910;  A.B.,  Yale,  1911;  A.M.,  1912. 

Otto  Kunkel Research  Assistant  in  Botany 

B.S.,   Missouri,   1909;   A.M.,    1910;  A.M.,    1911. 

John  A.  McKinley,  Jr Assistant  in  Drawing 

Alexander  Lowy Laboratory  Assistant  in  Electro -Chemistry 

B.S.,   Columbia,  191 1;  A.M.,   1912. 

Edwin  H.  Armstrong Assistant  in  Electrical  Engineering 

E.E.,  Columbia,  1913. 

John  C.  Baker Laboratory  Assistant  in  Engineering  Chemistry 

B.S.,    Upper  Iowa    University,    1910;   M.Pd.,   New  Mexico   Normal,    1913. 

Frank  L.  De  Beukelaer.  .Laboratory  Assistant  in  Physical  Chemistry 

A.B.,  Colgate,  19 10. 
William  Barton  Eddison Assistant  in  Mechanical  Engineering 

M.E.,   Columbia,    1912. 

Gilbert  D.  Fish Assistant  in  Civil  Engineering 

C.E.,  Columbia,   1913. 

Allan  C.  Fraser Assistant  in  Botany 

B.S.,   Cornell. 

Baxter  Perry  Hamilton Assistant  in  Electrical  Engineering 

E.E.,    Columbia,  1913. 

Arthur  St.  John  Hill Assistant  in  Electrical  Engineering 

E.E.,    Brooklyn    Polytechnic,    191 1. 

Frank  J.  McMackin Assistant  in  Mathematics 

B.S.,  Columbia,  1912. 
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Frederick  Miller Assistant  in  Civil  Engineering 

C.E.,    Columbia,    1913. 

Percy  W.   Punnett Assistant  in  Chemistry 

B.S.,  Rochester,  191 1;  A.M.,  Columbia,   1912 

Frederick  V.  Rand Asshimt  • ,  fi 

B.S.,  Vermont,  1908;   M.S.,  191 1. 

Roger  B  S*yu» Assistant  in  Physics 

A.B.,  Lebanon  Valley  College,   191 1. 

WARREtT.S\vM,ITH Assistant  in  Geology 

U.S.,   Washington,    1912. 

Clayton  Ulrey Assistant  in  Physics 

B.b.,  Indiana,   191 1;   A.M.,  Maine,   1913. 

Francis  M.  Van  Tuyl Assistant  in  Paleontology 

A.B.,  Iowa,   191 1 ;  M.S..  1912. 

Donald  B.  Keyes Laboratory  Assistant  in  Chemistry 

B.S.,  New  Hampshire  State  College,  1913. 

Special  Lecturers  for  1913-1914 
J.  Parke  Channing,  E.M Miami  Milling  Practice 

Vice-Pres.,   Miami   Copper  Co. 

Howard  W.  Du  Bois "Salting"  of  Mines 

Consulting    Engineer. 

Adolph  Lewisohn Business  of  Mining 

Mine   Operator. 

James  Douglas,  D.Sc Metallurgy  of  Copper 

Arthur  S.  D wight,  E.M Sintering  of  Fine  Ore 

President,   Dwight-Lloyd  Met.  Co. 

George  C.  Stone,  Ph.B Metallurgy  of  Zinc 

Engineer,   New  Jersey   Zinc   Co. 

Arthur  P.  Day,  Ph.D Work  of  the  Laboratory 

Director,   Carnegie  Geophysical  Laboratory,   Washington. 

Frank  D.  Adams,  Ph.D Physical  Condition  of  the  Earth's  Interior 

Dean,  Faculty  of  Applied  Science,  McGill  University,  Montreal. 

F.  W.  Peek,  Jr.,  M.S High  Voltage  Transmission 

Consulting  Engineering  Department,   General   Electric    Co. 

A.  L.  Powell,  E.E.  .Practical  Illumination  and  Illumination  Calculations 

General  Electric  Co. 

A.  L.  Broe,  E.E Incandescent  Lamps 

General  Electric  Co. 

S.  T.  Dodd,  E.E Self-propelled  Railway  Cars 

General  Electric  Co. 

A.  K.  Selden,  E.E Interpole  Machinery 

Crocker-Wheeler  Co. 

R.  B.  Treat,  E.E Electric  Motors  in  Steel  Mills 

Crocker-Wheeler  Co. 

H.  S.  Blake,  E.E Arc  Lamps 

General  Electric  Co. 

F.  P.  Corey,  E.E Signal  Engineering 

Union  Switch  and  Signal   Co. 
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Frederick  A.  Halsey Course  on  Shop  Processes 

Editor  Emeritus,   "American  Machinist." 

Frederick  V.  D.  Longacre Course  on  Air  Machinery 

Engineer,  Ingersoll-Rand  Co. 

Arthur  K.  Ohmes Course  on  Heating  and  Ventilation 

Engineer,  member  of  firm   of  Nygren,  Tenney  &   Ohmes. 

F.  F.  Nickel Course  on  Pumping  Machinery 

Engineer,  Henry   R.  Worthington  Co. 

H.  L.  Gautt Relation  between  Employer  and  Employee 

Consulting   Engineer. 

Wm.  T.  Price,  M.E Gas  Engine  Development 

Sales  Manager  of  De  la  Vergne  Mach.  Co. 
Theo.   Maynz,   M.E Bituminous  Coal  Stokers 

With  Grieve  Grate  Co. 

C.  A.  Browne,  Ph.D Sugar  Production 

Chemist  in   Charge,   New  York   Sugar  Trade  Laboratory,  New  York  City. 

W.  D.  Horne,  Ph.D Sugar  Refining 

Chemist,  National  Sugar  Refining  Company. 

C.  E.  North,  M.D Sanitary  Milk  Production 

Consulting  Sanitarian,   Secretary,  New  York  Dairy  Demonstration  Company. 

Robert  Schwarz,  B.S Fermentation  Industries 

Fermentation   Expert. 

David  Wesson,  Ph.D Edible  Fats  and  Oils 

Manager   Technical   Department,    Southern   Cotton    Oil    Company. 

P.  A.  Levene,  Ph.D.,  M.D Biological  Utilization  of  Sugars 

Rockefeller  Institute   for   Medical  Research. 

H.  E.  Howe,  B.S.,  Chemist The  Relation  of  Chemical  Nature  to 

Physical  Properties  of  Glass 

Chief  Chemist  at  Bausch  &  Lomb  Optical  Co.,  Rochester,  N.  Y. 

Robt.  Ridgways Present  Subway  Construction  in  New  York 

Chief  Engineer  of  Construction,    Public   Service   Commission. 

J.  Waldo  Smith,  C.E .The  Catskill  Extension  of  the  Public  Water 

Supply  of  New  York  City 

Chief  Engineer,  Board  of  Water  Supply. 
J.  A.  O'Rourke Subway  Excavation 

Contractor,   New   York   City. 

George  C.  Whipple,  S.B Sanitary  Engineering 

Member,    firm    of    Hazen    &   Whipple,    Consulting    Engineers;    Professor   of 
Sanitary   Engineering,   Harvard   University. 

Nelson  P.  Lewis,  C.E Financing  Municipal  Improvements 

Chief  Engineer,   Board  of  Estimate  and  Apportionment,  New  York  City. 

George  W.  Fuller,  S.B Sewage  Disposal 

Consulting  Engineer,  New  York  City. 

John  A.  Bensel,  M.E.  .Relative  Cost  of  Transportation  by  Waterways, 

Railzvays  and  Highways 
New  York  State   Engineer,  Albany,  N.  Y. 

William  H.  Connell.  .Organisation  and  Methods  of  Street  Cleaning 

Departments 
Chief,  Bureau  of  Highways  and  Street  Cleaning,  Philadelphia,  Pa. 


TEACHING  STAFF  n 

C.  A.  Crane Applications  of  Contract  Law  to  Highway 

Construction  Problems 

Secretary,  The  General  Contractors  Association,  New  York  City. 

W.  W.  Crosby,  C.E.,  D.Sc The  Value  of  Cost  Data  in  Highway 

Engineering 
Chief  Engineer,  Maryland  Geological  and  Economic  Survey,  and  Consulting 
Engineer. 

Charles  Henry  Davis.  C.E National  Highways 

President,  National  Highways  Association,  South  Yarmouth,   Mass. 

John  H.  Delaney The  Fundamental  Elements  of  Finance 

Commissioner,    New    York    State    Department    of    Efficiency    and    Economy, 
Albany,  N.  Y. 

A.  W.  Dow,  Ph.B.  .Details  of  Construction  of  Wood  Block  Pavements 

Chemical  and  consulting  Paving  Engineer,   New  York   City. 

H.  W.  Durham,  C.E The  Highways  of  Panama 

Chief  Engineer  of  Highways,   Borough  of  Manhattan,  New  York   City. 

C.  N.  Forrest The  Essential  Chemical  and  Physical  Properties 

of  Creosoting  Oils  for  Wood  Blocks 

Chief  Chemist,   New  York  Testing  Laboratory,   Maurer,   N.   J. 

Walter  H.  Fulweiler,  B.Sc The  Manufacture  of  Refined 

Water  Gas  Tar 

Chief  Chemist,  United  Gas   Improvement   Company,  Philadelphia,   Pa. 

Frank   B.    Gilbreth The   Principles  of  Efficiency   Engineering   as 

Applied  to  Highway  Engineering 

Consulting   Engineer,    New   York   City. 

George  P.  Hemstreet The  Manufacture  of  Asphalt  Blocks 

Superintendent,    The    Hastings     Pavement    Company,     Hastings-on-Hudson, 
N.  Y. 

Samuel  Hill,  A.B Highways  of  the  Northwest 

President,  American    Road  Builders  Association,   Seattle,  Wash. 

D.  L.  Hough,  Ph.B Highway  Specifications  from,  the  Standpoint 

of  the  Contractor 
President,  The  United  Engineering  and  Contracting  Company,  New  York 
City. 

J.  W.  Howard,  B.L.,  C.E.,  E.M.. European  Rock  Asphalts,  Obtaining, 

Preparation  and  Uses 

Consulting  Engineer,  New  York  City. 

Arthur  N.  Johnson,  S.B. . .  .Economics  of  Highway  Engineering  in 

the  Middle  West 

State   Highway  Engineer,    Springfield,   111. 

William  H.  Kershaw Commercial  Mining,  Transportation  and 

Storage  of  Asphaltic  Oils 

Manager,  Paving  and  Roads  Division,  The  Texas  Company,  New  York  City. 

Nelson  P.  Lewis,  A.B.,  C.E The  Administration  of  Municipal 

Public  Works 

Chief  Engineer,   Board  of  Estimate  and  Apportionment,  New   York   City. 

Harold  Parker...  .Responsibility  of  Contractors  for  Construction  of 
Roads  and  Pavements  Designed  by  Engineers 

First  Vice-President,  Hassam  Paving  Company,  Worcester,  Mass. 
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PAUL  SlS^S^S"  irTl  af  IU  Use  hl  HiSh™»  Construction 
Chief   Engineer,    State  Highway   Commission,  Augusta,   Me. 

PHILIPJ7  fS,?ARPLES;  AB The  Manufacture  of  Refined  Coal  Tar 

Chief  Chemist,  Barrett  Manufacturing  Company,  Boston,  Mass 

Francis  P.  Smith,  Ph.B.. Plant,  Highway  and  Laboratory  Inspection 
nu     .    .       ,   _  of  Bituminous  Materials 

Chemical  and   Consulting   Paving  Engineer,   New   York   City 

ALBER^lwRciDJnf  * V  •  •  lkLM™ng  and  *****  *  <*****  Oils 

Consulting  Chemist,  New  York  City. 

George  W.  Tillson,  C.E.. Details  of  Construction  of  Car  Tracks  in 
r^c  n-       r-     •  City  Pavements 

Y«X  C$.  Engln"r  '°  ",e  President  °(  "*   Borough  of  Brooklyn,   New 

University  Officers  of  Administration 

ITZ  a' n'   FACK4E!;THAI-  AB Se^""'y  "f  <>"  diversity 

cZ,Sn       '         Registrar  <>f  the  VniverJy 

Charles   S.   Danielson R 
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Secretary   of  Earl   Hall 

Clifford  K.  Brown,  A.B. 

University  Medical   Officer 
William  H.  McCastline,  M.D. 
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INTRODUCTORY 

The  first  step  for  the  foundation  of  a  Faculty  of  Applied  Science 
was  taken  in  1864,  when  the  Trustees  approved  the  creation  of  a 
School  of  Mines,  in  which  courses  were  later  established  in  civil 
engineering,  chemistry,  and  metallurgy.  The  growth  of  these  courses 
made  it  seem  desirable  to  adopt  some  more  comprehensive  name  than 
the  historic  title  "School  of  Mines,"  so  that  in  1896  the  Schools  of 
Engineering  and  Chemistry  were  set  off  from  the  School  of  Mines, 
the  three  schools  remaining,  however,  under  the  jurisdiction  of  a 
single  faculty: 

1.  The  School  of  Mines,  with  four-year  courses  leading  to  the  de- 
grees of  Engineer  of  Mines  and  of  Metallurgical  Engineer. 

2.  The  School  of  Engineering,  with  four-year  courses  in  Civil  En- 
gineering, Sanitary  Engineering,  Electrical  Engineering,  and  Mechani 
cal  Engineering,  leading   to  the  degrees  of  Civil  Engineer,  Electrical 
Engineer,  and  Mechanical   Engineer  respectively. 

3.  The  School  of  Chemistry,  with  four-year  courses,  leading  to 
the  degrees  of  Chemist  and  Chemical  Engineer. 

The  courses  are  intended  to  meet  the  requirements  of  the  several 
professions  indicated;  and  many  of  them  permit  a  certain  amount  of 
specialization,  particularly  in  the  fourth  year.  The  work  in  the  School 
of  Mines  is  so  arranged  that  the  student  can  emphasize  the  engineering, 
the  metallurgical,  or  the  geological  side  of  his  profession. 

Candidates  for  a  professional  degree  who  have  some  special  end  in 
view  are  occasionally  permitted  to  vary  the  regular  course  by  substi- 
tuting other   courses  offered    under  the   Faculty    of  Applied    Science. 

In  the  regular  Summer  Session  held  at  the  University  in  July  and 
August  of  each  year  many  courses  of  assistance  to  engineering  students 
are  offered.  The  Announcement  of  the  Summer  Session  will  be  sent 
upon  application  to  the  Secretary  of  the  University. 

NEW    REQUIREMENTS    FOR   ADMISSION 

For  fuller  statement  see  pages  15-16 

Beginning  in  September,  1915,  the  professional  work  in  Mines,  Engi- 
neering and  Chemistry  established  at  Columbia  just  fifty  years  previous 
will  be  placed  upon  a  graduate  basis  and  will  require  of  candidates 
for  admission  not  only  a  broad  foundation  in  Mathematics,  Chemistry 
and  Physics,  but  training  in  English,  Modern  Languages  and  in  the 
fields  of  History  and  Political  Science. 

The  purpose  of  this  important  change  is  to  offer  better  and  broader 
training  for  students  of  engineering,  and  to  place  the  instruction  in 
these   professional    subjects    upon    the    same    university   plane   as   the 
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instruction  in  law  and  medicine.  The  recent  rapid  development  of 
engineering  practice,  the  wider  social  and  public  recognition  now 
given  to  the  engineering  profession  and  the  frequent  demands  that 
men  in  executive  and  administrative  posts  shall  have  had  an  engineering 
education  make  it  imperative  that  the  engineer  of  the  future  shall  be 
a  broadly  educated  professional  man  and  not  merely  a  technical  expert 
In  order  to  insure  this  it  is  necessary  that  the  future  engineer  shall 
widen  his  intellectual  outlook  by  continuing  his  general  education  con- 
siderably beyond  the  limits  of  the  ordinary  high  school  course.  At 
the  present  time,  even  before  the  proposed  new  system  is  in  operation 
one  hundred  and  fifty  students  in  Columbia  University  are  taking 
advantage  of  the  existing  opportunity  to  combine  a  college  and  engi- 
neering course. 

Students  who  are  looking  forward  to  entering  upon  any  branch 
of  the  profession  of  engineering  are  invited  to  address  the  Secretary 
of  Columbia  University  in  order  that  they  may  obtain  the  fullest 
possible  information  regarding  conditions  of  admission,  the  program  of 
studies  and  the  cost  of  university  residence,  including  tuition  fees, 
room   rent  and  other  necessary  expenses. 
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Advice   for  Candidates  with  Collegiate  or  Technical  Training 

Contemplating  Entering  in  1914 

Students  at  other  colleges  and  technical  schools  who  contemplate 
entering  Columbia  University  in  1914  as  candidates  for  the  professional 
degrees  in  Mining,  Metallurgy,  Engineering  and  Chemistry  must  sub- 
mit credentials  showing  that  they  have  had  the  equivalent  of  the 
uniform  first  year  in  the  Schools  of  Mines,  Engineering  and  Chemistry 
as  outlined  on  page  15,  in  which  case  they  will  be  admitted  to  the 
second  class  as  candidates  for  degrees  in  1917. 

If  the  curriculum  followed  elsewhere  does  not  exactly  satisfy  the 
above  requirement,  opportunity  will  be  offered  in  the  Summer  Session 
of  Columbia  University  during  July  and  August  to  receive  instruction 
in  any  of  the  subjects  required  for  admission  for  which  provision 
may  not  be  made  in  the  college  which  thev  attended. 

If  the  candidate  will  send  to  the  Secretary  of  the  University  a  marked 
catalogue  showing  the  courses  he  will  have  completed  by  June,  1914, 
and  also  a  statement  from  the  registrar  of  the  college  which'  he  is 
attending  showing  his  standing  in  his  courses,  he  will  be  advised  of 
what  credits  will  be  assigned  to  him  and  of  how  long  approximately 
it  will  take  him  to  complete  a  course  leading  to  an  engineering  degree. 
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PREPARATORY    PROGRAM   OF    STUDIES 
Three  Years'  Course  Leading  to  the  Degree  of  Bachelor  of  Science 

In  order  to  make  adequate  provision  within  the  University  for 
students  who  desire  to  prepare  themselves  in  three  years  of  college 
residence  for  these  courses  the  following  program  of  studies  leading 
to  the  degree  of  Bachelor  of  Science  has  been  authorized  by  joint 
action  of  the  Faculties  of  Columbia  College  and  Applied  Science. 

The  unit  of  credit  in  Columbia  College  is  the  "point,"  each  point 
representing  either  one  hour  classroom  work  for  a  half-year,  two  hours 
laboratory,  or  three  hours  drafting  or  shop  work.  To  receive  the 
bachelor's  degree  124  points  must  be  made,  including  all  prescribed 
subjects. 

The  following  schedule  is  made  out  for  the  student  who  offers  what 
has  proved  to  be  the  normal  entrance  requirements  for  the  B.S.  degree, 
i.e.,  who  includes  among  the  14H  units  prescribed  for  admission,  Trig- 
onometry and  Solid  Geometry,  the  elementary  and  intermediate  require- 
ments in  one  modern  language,  Physics,  Chemistry  and  Drawing, 
besides  English  and  elementary  mathematics.  For  students  who  do  not 
complete  all  of  these  subjects  in  school  and  who  cannot  complete  them 
in  the  Summer  Session  previous  to  their  entrance  or  at  the  close  of  the 
first  year,  special  programs  will  have  to  be  arranged,  cutting  necessarily 
into  the   opportunities   for  elective  work. 

Prescribed 

First   Year 
First  Half  Second  Half 

Advanced  Algebra  (Math.  1)       3       Analytical  Geometry  (Math.  4)      3 
English  Composition  (Engl.  Ai)    3  r2  Lect.)        5 

Principles  of  Science  Chemistry,  Gen'l       L  Lab  j 

(Philosophy  Ai)  3       English  Composition  (Engl.  A2)    3 

Modern  Language  _  .     .  .        _  _  . 

based  on  Intermediate  Entr.  Pr!"?Ples  °*  S'ie?ce 

requirement  3           (Philosophy  Aa)                          3 

Shop   Work    (2  Aft.)  2      Modern  Language   (continued)    3 

Physical  Education  Ai  2       Physical  Education  A2                  2 

Additional  work  in  Mod.  Lan-  

guage,  Philosophy  or  English      4  Total  points 39 

If  Drawing  has  not  been  offered  for  entrance,  a  one  point  course  in 
Drafting  may  be  added. 
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Second  Year 

r  i     .      ,^T   ^ALF  Second  Hal* 

Calculus  (Math.  15)  a       r^     ^        /*r    , 

Chemistry,         f2   Lect  J                        CakulUS    <Math'  l6>  4 

General  )6  Lab.  f  5       Chemistry,         J2  Lect.) 

English  Literature                                       Qualitative     (6  Lab.  j  5 

(English  B3)  3       Physics  (3  Lect.,  3  Rec.)  6 

Epochs  of  History  (Hist.  Ai)        3       Epochs  of  History  (Hist.  A2)  3 

Drafting  (2  afternoons)  2       Drafting  (2  afternoons)  a 

Descriptive 

Geometry  (Drafting  (3)  3  Total  points ~ 

sinT^f  fr P  W°JkT4  Weeks~is  Prescribed  for  admission  to  the 
Schools  of  Mines,  Engineering  and  Chemistry,  but  is  not  counted  in 
points  toward  a  bachelor's  degree. 

Third  Year 
First  Half  Second  Half 

Physics     j3  Lect"  3  Rec'    I   «u      PhysiCS  (sa"le)  7^ 

(i  afternoon  Lab.  j    7/2       Statics  (Mechanics  2)  2 

Calculus  .  Economics  3 

4  ...        ,  C2  Lect.         ) 

Chemistry,         f2   Lect.)  Mineralogy     ^   afternoon|       3 

Qualitative     (6  Lab.  }  5  Surveying  (Civil  Eng.  2)  2 

Government  and  Industry         3  Total  points ~ 

A  Summer  Course  in  Surveying  of  five  weeks  to  be  taken  at  the 
close  of  this  year  is  prescribed  for  admission  to  the  Schools  of  Mines, 
Lngineering  and  Chemistry. 

Elective 

To  make  up  the  requirement  of  124  points  for  the  degree  of  B  S  ten 
additional  points  must  be  made  either  by  extra  credit  for  high  standing 
by  work  in  Summer  Sessions  or  by  free  election  during  the  program  • 
such  election  may  be  made  at  the  student's  option  from  among  the 
courses  in  which  he  can  satisfy  the  pre-requisites,  subject  to  the 
approval  of  the  Committee  on  Instruction. 

COURSES  PRESCRIBED  FOR  CANDIDATES  FOR  THE  B  S 

In{°rm£Z^^g'l%™™^  ™y  ^  found  in  the  Announcement  of    ' 
Chemistry 

General  Course.  This  course  forms  a  sequel  to  entrance  Chemistry 
It  continues  the  study  of  general  chemistry,  with  particular  reference  to 
giving  a  greater  knowledge  of  descriptive  chemistry  and  a  more  ad- 
vanced and   systematic  discussion  of  the  general  principles  and  their 
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applications.     It  affords  also  the  necessary  preparation  for  qualitative 
analysis. 

Qualitative  Analysis.  This  course  deals  with  the  theory  and  practice 
of  inorganic  qualitative  analysis,  based  upon  the  principles  of  modern 
chemistry. 

Drafting 
Drafting. 

(a)  Elements  of  mechanical  drafting— Use  of  instruments;  plane 
problems;  free  hand  lettering;  dimensioning;  (b)  Projections— Ortho- 
graphic projection ;  intersections;  developments;  problems  in  descriptive 
geometry;  isometric  projection;  cabinet  projection;  (c)  Machine  draft- 
ing—Conventional signs  for  materials  of  construction;  sketching  of 
machine  details.  Working  drawings;  tracings;  blue  printing;  (d) 
Topography — Conventional  signs;  hill  shading;  mapping. 

Descriptive  Geometry. 

Problems  on  point,  line,  and  plane ;  classification  of  surfaces ;  tangent 
planes  to  single  curved  surfaces  and  surfaces  of  revolutions;  intersec- 
tions; developments;  warped  surfaces. 

English 

A.  Review  of  principles  of  English  Composition,  developed  in  indi- 
vidual conferences.  Assigned  weekly  readings  and  class-room  dis- 
cussion. 

B.  A  course  of  intensive  study  of  representative  English  authors. 
Reports  on  reading  and  class-room  work  at  fortnightly  intervals. 

History,  Economics  and  Politics 

History  A. — Modern  History.  A  fundamental  course  in  the  politics 
and  society  of  modern  times ;  treats  of  the  commercial  revolution  of  the 
sixteenth  century  and  of  the  industrial  revolution  of  the  eighteenth  and 
nineteenth  centuries;  and  lays  special  emphasis  upon  current  national 
and  international  problems  in  Europe  and  in  the  United  States. 

Economics.  Lectures,  reading  and  text-book  discussion.  In  this 
course  the  fundamental  principles  of  economics  are  studied  with  par- 
ticular reference  to  their  application  to  current  economic  and  social 
problems  in  the  United  States,  and  with  special  regard  to  the  needs  of 
students  in  engineering. 

Government  and  Industry.  A  course  designed  for  students  who 
wish  to  gain  an  insight  into  their  duties  and  responsibilities  as  citizens 
and  knowledge  as  to  the  relations  of  government  and  industry. 
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Mathematics 
Algebra.     This  course  deals  with  such  topics  as  premutations  and 
combinations,  determinants,  complex  numbers,  the  theory  of  equations 
and  partial  fractions. 

Analytical  Geometry.  This  course  deals  with  such  topics  as  co- 
ordinate systems,  transformations,  loci  and  their  equations,  with  par- 
tial ar  reference  to  the  straight  line  and  conic  sections,  and  the  elements 
of  three-dimensional  geometry. 

Calculus.     First  course,  in  differential  and  integral  calculus. 

Calculus.  A  continuation  of  the  above,  with  further  applications  to 
geometry,  physics,  and  mechanics,  and  an  introduction  to  differential 
equations. 

Mineralogy 
General    Mineralogy.     The   character   and    laws    of    Minerals   and 
Crystals.    The  sight  recognition  and  determination  of  the  common  rock- 
forming  minerals   and  the  great   ores. 

Modern  Languages 

French.  Practice  in  speaking  and  writing  French.  French  3  is  based 
on  French  history  and  French  4  on  scientific  French.  Both  courses 
are  conducted  entirely  in  French. 

The  work  consists  of  summing  up  notes  taken  in  the  class  room 
making  oral  reports  on  assigned  reading,  and  writing  weekly  French 
compositions  based  on   the   work   done   during  the   week. 

German.  A  special  course  in  German  organized  in  September,  1913 
based  on  the  intermediate  entrance  requirements. 

Spanish.  By  special  permission  a  student  with  good  linguistic 
training  may   offer   Spanish  instead  of   French   or   German. 

Philosophy 
Philosophy  A.  The  Principles  of  Science.  The  first  half  of  this 
course  is  devoted  to  a  study  of  the  elements  of  logic  inductive  and 
deductive,  with  practical  exercises  in  the  application  of  logical  prin- 
ciples. The  second  half  considers  the  application  of  these  principles 
in  scientific  investigation  and  includes  a  careful  examination  of  leadin- 
scientific  concepts,  such  as  matter,  energy,  cause,  law,  purpose  evo* 
lution,  etc. 

Physical  Education 
Physical   Education   A.      Elementary   graded    gymnastics,   athletics 
swimming  and  lectures  on  personal  hygiene.    The  work  is  conducted  on 
South  Field   during   the  first    five   weeks   and   after   that   time   in   the 
Gymnasium.     The  lectures  are  given   during  January 
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Physics  and  Mechanics 

Physics.     General  Physics:   Mechanics,  Wave-Motion  and  Heat. 

Mechanics:  Newton's  laws  of  motion;  accelerated  linear  and  angular 
motions;  dimensions;  systems  of  weights  and  measures;  energy,  work, 
power;  transformations  of  energy;  conservation  of  energy;  curvilinear 
motion  with  applications;  gravitation;  linear  and  angular  simple  har- 
monic motion ;  pendulum ;  wave-motion,  including  a  general  discussion 
of  reflection,  refraction,  interference,  resonance;  elements  of  hydro- 
statics. 

Physics.     Heat  and  Light 

Heat:  Nature  of  heat;  expansion;  thermometry  and  pyrometry; 
carolimetry;  specific  heat;  mechanical  equivalent  of  heat;  change  of 
state;  saturated  vapors  and  hygrometry;  continuity  of  state  and  lique- 
faction of  gases;  conduction;  convection;  radiation. 

Light :  General  discussion  of  the  wave-theory ;  reflection ;  refraction ; 
total  reflection;  index  of  refraction  and  its  measurement;  lenses;  dis- 
persion; spherical  and  chromatic  aberration;  optical  instruments; 
photometry,  color;  luminescence;  spectrum  analysis;  problems  of  illu- 
mination ;  polarization  of  light. 

Physics.     Electricity. 

Phenomena  of  electrostatics ;  capacity  and  condensers ;  electrometers ; 
current  electricity  and  methods  of  production ;  Ohm's  law  with  applica- 
tions; Joule's  law;  measurement  of  e.  m.  f.,  current,  resistance,  power 
and  capacity ;  thermo-electricity ;  magnetic  action  of  currents  with  appli- 
cations; electrical  units,  electro-magnetic  induction,  inductance. 

Statics.  Coplanar  statics  is  treated  by  both  algebraic  and  graphical 
methods. 

Physics.     Physical  Laboratory. 

This  course  consists  of  quantitative  experiments  with  reports  in 
mechanics,  light,  heat,  electricity  and  magnetism;  methods  of  compu- 
tation, plotting,  and  the  precision  of  measurements  are  discussed  in 
connection  with  the  experiments. 

Shop  Work 
Shop    Work.      Wood-turning    and    Pattern-making.      Forging    and 
Foundry    Practice   and   Machine    Shop. 

Surveying 
Theory  of  Surveying.  Methods  of  measuring  angles  and  distances. 
Cumulative  and  compensating  errors,  and  corrections  to  be  applied. 
Limits  of  precision.  Use,  care,  and  adjustment  of  the  engineer's  transit, 
level,  and  compass.  Magnetic  declination  and  variation.  Local  attrac- 
tion. Relocation  of  old  lines  by  compass  bearings.  Erroneous  stand- 
ards. Surplus  and  deficiency.  Significance  of  monuments.  Traverses; 
computations  of  area  and  error  of  closure.    Laying  out  and  dividing  up 
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land.  System  of  public  land  surveys.  Topographic  surveys;  transit 
stadia  and  plane  table  methods.  Triangulation.  City  surveying  sub- 
division and  resurveys.  Interpretation  of  deed  descriptions.  Text- 
book :  Tracy's  Plane  Surveying. 

Admission  to  Special  Courses  of  Study 

Graduates  of  these  Schools,  and  other  institutions  of  equal  grade 
ruaaHfiPedrSUe  "^   SUbJeCtS   taUgM  ^   thC   SCh°°ls   f0F  Which  the*   ar* 

Persons  of  mature  age  who  are  not  graduates,  but  who  show  special 
qualifications,  are  sometimes  permitted  to  pursue  special  courses  of 
study,  but  this  permission  is  not  given  to  others. 

Persons  who  wish  merely  to  pursue  elementary  subjects  are  not  re- 
ceived as  non-matriculated  students. 

Non-matriculated  students  will  be 'held  to  the  observance  of  the  same 
studemr5  ^  t0  attendanCe'  examination  and  proficiency  as  matriculated 


ADVICE  TO  STUDENTS 

Each  student  is  on  entrance  assigned  to  an  officer  of  instruction 
who  acts  as  his  academic  adviser.  The  adviser  is  kept  informed  as  to 
the  attendance  and  standing  of  all  such  students  in  their  academic 
work  and  as  to  the  extent  and  character  of  their  participation  in  extra- 
curricular activities,  and  he  advises  students  on  all  these  and  other 
matters  that  concern  them  as  students. 

Reports  of  standing  are  sent  to  the  student,  his  parent  or  guardian, 
his  adviser  and  to  the  Dean  every  five  weeks  for  students  in  the  second 

classes  "*  *""  ^  ^^  'm  the  third  and  fourth 

A  students  who  has  not  been  assigned  to  an  adviser  may  apply  to 
the  Dean  for  such  assignment.  -;  w 

REGISTRATION 

Before  attending  any  University  exercises  each  student  must  regis- 
ter, «.  ,.,  must  present  himself  in  person  to  furnish  the  information 
necessary  for  the  University  records  and  to  file  a  statement  of  the 
courses  he  is  authorized  to  pursue  (for  the  matriculation  or  registra- 
tion fee,  payable  but  once,  see  below). 

The  office  of  the  Registrar,  201  East  Hall,  will  be  open  for  registra- 
tion from  Wednesday,  September  16,  to  Tuesday,  September  22  1914 
New  students  may  register  also  on  September  23.  Credit  for  attendance 
will  date  from  September  24. 


FEES  2l 


Students  prevented,  through  no  fault  of  their  own,  from  completing 
their  registration  in  due  time,  should  file  a  provisional  registration 
blank. 

Registration  at  a  later  date  is  permitted  only  to  candidates  who  ob- 
tain the  written  consent  of  the  Dean,  satisfactory  cause  for  the  delay 
having  been  shown.   (For  the  fee  for  late  registration  see  below.) 

Students  holding  scholarships  are  required  to  register  not  later  than 
the  date  specified  in  the  University  calendar;  failure  to  do  so  may  be 
considered  as  vacating  the  scholarship. 

In  case  of  withdrawal  during  the  academic  year,  students  are  re- 
quired to  file  a  notice  thereof  with  the  Registrar,  on  a  blank  form 
provided  for  the  purpose.  An  honorable  dismissal  is 
granted  by  the  Dean  to  any  student  in  good  standing  Honorable 
over  twenty-one  who  may  desire  to  withdraw,  and,  with  Dismissal 
the  written  assent  of  his  parent  or  guardian,  to  a  'student  under  that 
age.  Applications  for  leave  of  absence  should  be  addressed  to  the 
Dean. 


FEES 

The  President  is  under  instructions  to  withdraw  the  privileges  of 
any  student  delinquent  in  payment  after  the  second  Wednesday  of  each 
half-year.  All  regulations  as  to  fees  are  subject  to  change  by  the  Trus- 
tees at  their  discretion. 

For  Matriculation  or  Registration:    Required  of  all  students  on 

entrance,  payable  but  once $- 

For  late  Registration  (see  above) 5 

For  Changes  of  Registration  after  the  second  Saturday  of  any 
half-year,  for  any  course  or  courses  added  or  dropped  at  any 
one  time 

For  Tuition  in  the  Schools  of  Mines,  Engineering  and  Chemistry, 
payable  at  the  beginning  of  each  half-year:  For  matriculated 

students  for  each  half-year I2- 

For  non-matriculated  students,  $7.50  per  half-year  for  each 
hour  of  attendance  upon  lectures  and  recitations  per  week; 
with  additional  charges  for  laboratory  work  up  to  $25  per  half- 
year  when  the  number  of  hours  weekly  of  such  work  does  not 
exceed  nine,  and  of  $40  per  half-year  when  the  number  of  hours 
weekly  exceeds  nine ;  the  whole  not  to  exceed  $125  per  half- 
year. 

For  the  use  of  the  Gymnasium:  Required  of  all  students  who  do 
not  hold  an  academic  degree;  optional  for  students  holdine 
such  a  degree & 
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For  examinations,  payable  in  each  case  before  the  examination: 
For  a  deficiency  examination  or  series  of  deficiency  examina- 
tions held  in  the  week  preceding  the  opening  of  the  first 

half-year,  for  each  course  $5,  with  a  maximum  of 25 

For  a  deficiency  examination  at  any  other  time  than  in  the 
period  designated  above,  whether  taken  at  the  conclusion 
of  a  course  repeated  by  the  student  in  addition  to  his  normal 

schedule,  or  without  such  repetition,  for  each  course1 5 

For  special  examinations  at  unusual  times: 

For  removal  of  deficiencies  in  course,  for  each  course 5 

For  any  professional  degree,  payable  prior  to  filing  of  applica- 
tion'   25 

Summer   Courses   in    Surveying,   Mining   and   Geodesy 

Laboratory  fees  are  required  for  summer  courses  in  surveying  as 
follows:  Civil  Engineering,  Course  15S,  $20,  or  $5  per  survey;  courses 
25S  and  27S,  $20,  or  $4  per  survey;  courses  26S,  26aS  and  71S,  $10. 

All  students  not  registered  as  regular  students  in  the  Schools  of 
Mines,  Engineering  and  Chemistry  at  Columbia  University  will  be 
charged  the  tuition  fees  for  each  course  or  part  of  a  course,  as  follows  : — 
Course  15S,  $15,  or  $4  per  survey;  courses  25S  and  27S,  $15,  or  $3  per 
survey;  courses  26S,  26aS,  28S  and  71S,  $10.  In  the  case  of  students 
registered  in  the  Schools  of  Mines,  Engineering  and  Chemistry,  the 
tuition  fee  for  the  scheduled  summer  courses  is  included  in  the  fee 
charged  for  tuition  at  the  University  for  the  year  preceding. 

Students  entering  with  advanced  standing,  but  deficient  in  surveying 
field  work,  will  be  charged  tuition  fees,  and  also  students  taking  work 
at  Camp  in  advance  of  the  specified  time.  In  the  latter  case,  however, 
the  fee  so  paid  will  be  deducted  from  the  regular  tuition  fee  paid  at 
the  University  for  the  year  in  which  the  work  is  regularly  scheduled. 

Regular  students  in  the  Schools  of  Mines,  Engineering  and  Chem- 
istry who  fail  to  take  the  prescribed  Camp  courses  in  Surveying  at 
the  time  assigned  for  this  work  will  be  charged  a  postponement  fee 
of  $10  for  each  course  except  C.E.  26S  and  26aS,  for  which  the  charge 
will  be  $5.  Students  failing  to  complete  these  courses  during  one 
session  of  the  school  will  be  charged  an  additional  fee  of  $2.50  for 
each  survey. 

These  postponement  fees  may  be  remitted  in  whole  or  in  part,  but 
only  for  reasons  of  weight,  and  upon  written  application  to  the 
Director  of  the  Summer  Session.  Thus  students  who  are  prevented 
from  taking  the  courses  at  the  time  assigned,  through  serious  illness, 

1  This  applies  to  every  course  in  which  the  student  has  already  received  a  mark 
other  than  passing,  whether  such  mark  was  reported  as  a  failure,  or  merely  as 
incomplete. 

*  Refunded  to  unsuccessful  candidates  upon  application  to  the  Registrar  not 
later  than  June  20  next  ensuing. 
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conflicts  with  other  courses,  or  the  necessity  of  postponing  the  work 
for  financial  reasons,  may  be  excused  from  payment  of  these  fees. 
In  every  case,  application  must  be  made  to  the  Director  of  the  Summer 
Session  before  May  2  of  the  year  in  which  the  work  should  be  taken. 
Except  in  cases  of  serious  illness,  applications  submitted  later  than 
this  date  will  not  be  considered.  Students  whose  applications  have 
been  approved  will  be  given  a  statement,  which  must  be  presented  to 
the  Bursar  at  the  time  of  payment  of  fees,  and  afterwards  submitted 
to   the    Resident   Director   at    Camp   when   reporting   for   the   course. 

For  the  summer  course  in  Geodesy  a  laboratory  fee  of  $25  is  charged. 
The  tuition  fee  operative  as  above  described  for  courses  in  surveying 
is  $15. 

Candidates  for  admission  to  advanced  standing  who  attend  the  Sum- 
mer Course  in  Practical  Mining  are  required  to  pay  therefor  a  fee 
of  $50. 

DEPOSITS 

Summer  Courses  in  Surveying 

Every  student  before  starting  for  Camp,  and  at  the  same  time  the 
fees  for  the  summer  session  in  surveying  are  paid,  shall  make  a  deposit 
at  the  Bursar's  office  at  Columbia  University  to  meet  Camp  expenses, 
viz.,  board,  laundry,  charges  for  drawing  material,  notebooks,  etc.; 
also  to  cover  any  damage  to,  breakage,  or  loss  of  instruments  or  Camp 
equipment,  and  transportation  of  self  and  baggage  from  the  station 
to  and  from  the  Camp.  The  Bursar's  receipt  for  said  deposit  shall  be 
presented  to  the  professor  in  charge  of  the  summer  session  upon  the 
arrival   of  the  student  in  Camp. 

The  amount  of  the  deposit  varies  with  the  course  or  the  number  of 
courses  taken  and  is  as  specified  below.  Students  intending  to  take  two 
or  more  courses  shall  deposit  an  amount  equal  to  the  sum  total  of  the 
deposits  herein  specified  for  the  respective  courses.  A  check  for  the 
balance  of  the  deposit  which  shall  remain  to  the  credit  of  the  student 
after  his  withdrawal  from  the  session  will  be  given  to  him  payable 
upon  application  to  the  Bursar  of  Columbia  University.  In  case  the 
total  charges  exceed  the  deposit  the  student  will  be  subject  to  an 
additional  assessment. 

The  deposit  for  C.E.  15S  shall  be  $50;  for  C.E.  25S,  $50;  for  C.E. 
26S  and  26aS,  $25;  for  C.E.  27S,  $50;  for  C.E.  28S,  $35;  for  C.E.  71S, 
$35 ;  and  for  Geodesy  107,  $30. 

The  deposit  for  any  one  survey  of  Course  15,  25,  or  27  shall  be  $15. 

Apparatus,  Supplies  and  Keys  to  Desks  and  Lockers 

A  deposit  for  the  use  of  lockers,  keys,  apparatus,  material,  and  the 
like,  ranging  from  $1  to  $40,  is  required  of  students  in  Mines,  En- 
gineering and  Chemistry.    At  the  end  of  the  academic  year  each  student 
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will  be  credited  with  those  articles  which  he  returns  in  good  order, 
and  the  value  of  those  he  has  injured  or  broken  will  be  deducted  from 
his  deposit.     Details  may  be  obtained  from  the  Bursar. 

Residence  Halls  and  University  Commons 
(See  page  151) 

Employment  Committee 
(See  page  150) 

Comparative   Statement  of   Students'   Probable   Expenses   for   the 
Academic  Year 


Matriculation 

Gymnasium ' ' 

Tuition 2;o 

Books .....!!.!" 

Drafting  material 

Chemical  apparatus 

Room  (37  weeks) 90 


Board  (37  weeks) 
Clothes  and  laundry 
College  incidentals. 
Other  expenses.  . . . 


Summer  Courses  in  Surveying 

Laboratory 

Travelling 

Board  (5  weeks) \ 


^  The  expense  for  summer  courses  in  surveying  applies  to  all  cur- 
riculums  during  the  first  summer  only;  for  Mining  and  Metallurgical 
Engineering  students  during  two  summers;  for  Civil  and  Sanitary 
Engineers  three  summers. 


RULES  GOVERNING   STUDENTS 

1.  A  student  cannot  be  a  candidate  for  more  than  one  professional 
degree  at  the  same  time. 

2.  A  candidate  for  a  degree  must  comply  with  all  requirements  in 
force  at  the  time  said  degree  is  conferred. 

3.  A  student  will  be  permitted  to  substitute  one  subject  for  another 
provided  he  obtains  the  consent  of  the  Dean,  the  heads  of  departments 
concerned  and  the  head  of  the  department  giving  the  technical  instruc- 
tion leading  to  the  degree. 
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4.  A  student  absent  from  more  than  one-tenth  of  the  required 
exercises  will  be  debarred  from  examination  in  that  subject.  No 
student  shall  be  exempt  from  this  regulation  except  by  action  of  the 
Committee  on  Instruction. 

5.  After  examinations  have  been  held,  officers  shall  report  to  the 
Registrar  the  standing  of  all  students  who  have  attended  their  courses 
in  terms  of  the  letters  "A,"  "B,"  "C,"  "D"  and  "F."  "A,"  "B"  and 
"C"  to  be  passing  grades,  "D"  signifying  a  deficiency  removable  by 
re-examination,  and  "F"  a  complete  failure.  Reports  of  standing 
will  be  sent  to  Second-year  students  every  five  weeks,  and  to 
Third-  and  Fourth-year  students  at  the  end  of  each  term.  Copies 
of  all  reports  are  at  the  same  time  sent  to  the  Dean,  to  the  Faculty 
adviser  and,  in  the  case  of  Second-year  students,  to  the  parent  or 
guardian.  They  will  be  sent  to  the  parent  or  guardian  of  Third- 
and  Fourth-year  students  only  on  request. 

6.  Regular  examinations  shall  be  held  at  the  end  of  the  first  half- 
year,  and  at  the  end  of  the  second  half-year  in  all  subjects  offered 
during  those  respective  periods.  An  examination  may  be  held  at  the 
completion  of  any, subject  which  does  not  extend  throughout  the  given 
half-year. 

7-  Special  examinations  for  students  deficient  at  regular  exam- 
inations shall  be  held  during  the  two  weeks  in  September  preceding 
the  opening  of  the  next  following  academic  year;  and  for  members 
of  the  fourth  class  in  subjects  belonging  to  that  year  onlv,  during  the 
first  week  in  May. 

Students  who  have  been  debarred  and  students  who  have  received  a 
grade  of  "F,"  either  during  the  regular  term  or  in  the  Summer  Session, 
are  excluded  from  such  examinations  in  accordance  with  the  terms  of 
the  following  rule : 

Any  student  who  shall  have  been  debarred  from  or  shall  have  re- 
ceived a  grade  of  "F"  in  any  midyear  or  final  examination  or  in  the 
Summer  Session  in  any  subject  shall  not  be  allowed  to  take  a  deficiency 
or  make-up  examination  in  said  subject  until  he  shall  have  repeated 
said  course  in  class. 

8.  Failure  to  pass  a  Summer  Session  course,  credit  for  which  would 
be  accepted  as  equivalent  to  a  regular  undergraduate  course  in  the 
Schools  of  Mines,  Engineering  and  Chemistry,  shall  be  counted,  in 
case  a  student  registers  for  said  course,  as  one  of  the  three  failures 
referred  to  in  Rule   10. 

9-  The  fee  for  special  examinations  is  $5  for  each  course,  which  must 
be  paid  when  the  application  is  made.  For  special  examinations  in 
the  September  series  the  maximum  fee  is  $25. 

10.  A  student  failing  to  pass  in  any  subject  at  the  regular  exam- 
inations must  present  himself  for  special  examination  as  provided 
under  Rule  7. 


26  MINES,  ENGINEERING  AND  CHEMISTRY 

Failing  to  pass  the  second  examination,  he  must  repeat  the  sub- 
ject with  the  next  class.  Failing  a  third  time  to  pass  a  satisfactory 
examination  he  may  be  dropped  from  the  roll  of  the  School. 

11.  Absence  from  any  regular  or  special  examination  provided 
for  in  Rules  7  and  8  shall  count  as  a  failure  unless  excused  by  the 
Dean  for  reasons  of  weight. 

12.  No  student  having  an  entrance  deficiency  shall  be  permitted  to 
register  for  any  subject  of  the  second,  third  or  fourth  year  without  the 
written  consent  of  the  Dean,  and  no  student  shall  be  permitted  to  register 
for  any  subject  the  prerequisites  for  which  have  not  been  satisfied  by  him 
unless  the  Dean,  for  reasons  of  weight,  grants  him  special  permission. 

13.  Any  student  who  shall  have  passed  a  satisfactory  examination 
in  Columbia  College  in  any  subject  forming  a  part  of  one  of  the  pro- 
fessional courses  in  the  Schools  of  Mines,  Engineering  and  Chemistry 
will  not  be  required  to  pursue  that  subject  a  second  time. 

14.  During  vacations  following  the  close  of  each  year,  memoirs  on 
assigned  subjects  must  be  prepared  by  the  students  in  the  courses  of 
Mining,  Metallurgy,  Civil  Engineering,  Electrical  Engineering,  Mechan- 
ical Engineering,  Chemical  Engineering,  and  Chemistry.  The  time 
specified  for  the  completion  and  handing  in  of  memoirs  will  be  as  stated 
in  the  respective  departmental  announcements. 

A  student  failing  to  hand  in  his  memoir,  drawings  or  other  summer 
work  at  the  time  specified  by  the  department  in  which  he  is  registered 
shall  be  considered  to  have  failed;  to  have  his  work  received  later,  h« 
will  be  obliged  to  pay  a  fee  of  $5,  as  for  a  special  examination. 

15.  By  permission  of  the  Dean,  and  concurrence  of  the  heads  of 
departments  concerned,  a  student  may  attend  subjects  not  required  for 
his  degree,  provided  such  attendance  does  not  interfere  with  his  regular 
work.  He  must  fulfill  all  the  requirements  exacted  from  regular 
students  in  such  course. 

Application  for  each  special  examination,  except  as  provided  below, 
must  be  filed  at  the  office  of  the  Registrar  at  least  one  week  before 
the  examination  is  to  be  taken,  and  in  September  and  May  at  least  one 
week  before  the  first  day  of  the  respective  examination  periods  (in 
1914-15  not  later  than  Monday,  September  7,  and  Saturday,  April  24, 
respectively).  For  later  application  an  additional  fee  of  $5  for  any 
examination  or  series  of  examinations  will  be  charged.  Applications 
must  be  made  on  blanks  (one  for  each  course)  to  be  obtained  from 
the  Registrar. 

During  the  academic  year  students  will  be  held  responsible  for  the 
receipt  of  reports  and  other  official  communications  sent  to  them  at 
the  coat  room  in  University  Hall.  During  the  summer  vacation  they 
will  be  held  responsible  for  the  receipt  of  such  communications  sent 
to  their  home  address  as  given  on  their  registration  blank  for  the 
preceding  academic  year. 
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SCHOLARSHIPS 

Fifty  scholarships  of  $250  each,  payable  in  semi-annual  instalments 
during  the  maintenance  of  a  satisfactory  grade,  are  available  to  students 
in  Mining,  Engineering  and  Chemistry  who  are  in  good  academic  stand- 
ing, and  in  need  of  pecuniary  aid.  The  awards  are  not  based  on  compet- 
itive examinations.     Scholars  are  not  exempt  from  the  payment  of  fees. 

Applications  for  appointment  or  reappointment  should  be  made  on 
blanks  furnished  by  the  Secretary  of  the  University,  and  filed  with  him 
on  or  before  May  1. 

As  far  as  possible  awards  will  be  made  not  later  than  July  1  by  the 
Committee  on  Scholarships.  Scholarships  not  allotted  at  this  time,  or 
becoming  vacant,  may  be  filled  by  the  Committee  at  its  discretion. 

In  detail  these   Scholarships  are  as  follows: 

Open  to  students  who  have  been  in  the  University  at  least  one  year: 
7  J.  Pierpont  Morgan,  7  Cornelius  Vanderbilt,  10  D.  Willis  James, 
1  Morris  K.  Jesup,  1  Samuel  D.  Babcock,  1  Oswald  Ottendorfer. 

Open  to  students  of  any  class — 8  Faculty,  15  Special.  The  Richard 
Butler  scholarship  open  to  students  born  in  Ohio  (for  special  regula- 
tions see  University  catalogue)  has  an  annual  value  of  $200. 

In  addition  40  Pulitzer  Scholarships,  carrying  free  tuition  and  a 
stipend  of  $250,  are  open  to  competition  by  graduates  of  the  New  York 
City  High   Schools. 

Marcus  Daly  Scholarship  in  Mining  Engineering 
The  Marcus  Daly  Scholarship  of  the  annual  value  of  $1,000,  main- 
tained by  Mrs.  James  W.  Gerard  in  memory  of  her  father,  is  open  to 
that  worker  or  descendant  of  a  worker  in  the  Montana  mines  who 
passes  the  best  competitive  entrance  examinations.  The  winner  holds 
the  same  throughout  his  course  in  mining  engineering  and  is  subject 
to  all  the  rules  and  regulations  governing  scholarships  awarded  under 
the  jurisdiction  of  the  Faculty  of  Applied  Science.  The  next  scheduled 
competition  will  be  in  1915. 

Class  of  '85  Scholarship 
The  class  of  '85  scholarship  is  open  to  duly  registered  students  in 
the  Schools  of  Mines,  Engineering  and  Chemistry,  and  the  holder  is 
entitled  to  receive  the  net  annual  income  of  the  class  of  '85  School 
of  Mines  Scholarship  Fund  of  $9,000.  The  holder  is  subject  to  all 
the  rules  and  regulations  governing  scholarships  awarded  under  the 
jurisdiction  of  the  Faculty  of  Applied  Science. 

Burgess  Scholarships 

Two  scholarships,  to  be  known  respectively  as  the  Daniel  M.  Burgess 
and  the  Annie  P.  Burgess  Scholarships,  are  awarded  annually  to 
worthy  and  deserving  young  men  of  good  habits  and  Christian  character 
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who  are  unable  to  pay  their  own  expenses  while  at  the  University     The 
amount  of  each  scholarship  is  the  annual  income  of  $5,000. 

Trowbridge  Fellowship 

A  fellowship,  known  as  the  William  Petit  Trowbridge  Fellowship  in 
Engineering,  is  awarded  by  the  Trustees  on  the  recommendation  of 
the  Irowbridge  Fellowship  Committee.  The  incumbent  will  receive 
the  net  annual  income  of  the  fund  of  $10,000  established  in  memory 
of  the  late  Professor  Trowbridge. 

Cutting  Fellowships 

The  William  Bayard  Cutting  Traveling  Fellowships  are  awarded 
annually  by  the  Trustees  to  graduate  students  who  have  given  evidence 
of  ability  to  make  contributions  of  value  to  letters,  science  law 
medicine,  or  the  fine  arts.  These  Fellowships  are  open  to  men  who 
have  been  in  residence  as  graduate  students  and  candidates  for  a 
higher  degree  under  the  Faculties  of  Political  Science,  Philosophy  or 
Pure  Science  for  a  least  one  academic  year,  and  to  graduates'  of 
Columbia  University  in  Law,  Medicine,  Applied  Science,  or  the  Fine 
Arts  who  have  had  at  least  one  year  of  additional  study  as  graduate 
students  in  this  University.  In  addition,  not  more  than  two  members 
of  the  senior  or  graduating  class  in  Columbia  College  may  be  ap- 
pointed to  such  Fellowships  in  any  one  year. 

Holders  of  these  Fellowships  are  required  to  pursue  their  studies 
either  in  the  United  States  or  in  foreign  countries  under  such  direction 
as  may  from  time  to  time  be  prescribed.  The  stipend  of  each  Fellow- 
ship will  be  fixed  at  the  time  of  its  award  and  will  depend  upon  the 
requirements  and  purposes  of  individual  Fellows.  The  normal  mini- 
mum stipend  will  be  $1,000.  The  appointments  to  these  Fellowships 
will  be  made  by  the  Trustees  at  their  stated  meeting  in  June  of  each 
year,  and  the  Fellowships  will  be  available  from  July  1st  following 
Applications  must  be  submitted  on  or  before  April  1st  of  the  year 
in  which  the  award  is  to  be  made. 

Industrial  Research  Fellowship 

An  Industrial  Research  Fellowship  was  established  for  the  year 
1913-14  by  the  American  Brake  Shoe  and  Foundry  Company  of  New 
York,  for  the  investigation  and  study  of  materials  to  improve  the 
tractive  force  and  wearing  qualities  of  brake  shoes  as  used  in  railroad 
service.  The  work  is  to  be  carried  out  in  the  chemical  laboratories  of 
the  University  and  in  one  of  the  plants  of  the  American  Brake  Shoe 
and  Foundry  Company  in  Mahwah,  New  Jersey. 

The  fellowship  has  a  value  of  $2,500,  $1,800  of  which  is  for  stipend 
and  $700  for  the  expense  of  materials  and  apparatus  in  connection 
with  the  investigation. 
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MEDALS  AND  PRIZES 

A  gold  medal   valued  at  $200,  endowed  by  President  M 

Barnard,  is  awarded  quinquennially   (next  award,  1915)  R  Medal 

on    the    recommendation   of   the    National    Academy  of  Barnai"d 

Science  to  the  person  who  within  the  five  years  next  preceding  shall 
have  made  such  discovery  in  physical  or  astronomical  science,  or  such 
novel  application  of  science  to  purposes  beneficial  to  the  human  race 
as  shall  be  esteemed  most  worthy  of  such  honor.  For  details  and  for 
a  list  of  previous  awards  see  the  Annual  Catalogue  of  the  University. 

A  bequest  of  $2,000  by  William  C.    Illig,   E.M.,   '82, 
provides  for  the  annual  award  of  medals  to  the  student     Illig  Medals 
or  students  in  the  graduating  class  of  these  Schools  who  shall,  in  the 
judgment  of  the  Faculty,  have  merited  the  same  by  commendable  pro- 
ficiency in  their  regular  studies. 

A  prize  in  Mechanical  Engineering,  the  income  of 
$1,000,  bequeathed  by  Edward  A.  Darling,  formerly  Darling  Prize 
Superintendent  of  Buildings  and  Grounds,  is  awarded  annually  to  the 
most  faithful  and  deserving  student  of  the  graduating  class  in  mechani- 
cal engineering,  the  recipient  to  be  chosen  by  members  of  the  gradu- 
ating class  in  that  Course  from  among  three  names  to  be  chosen  by 
the  Faculty. 

OPPORTUNITIES   FOR   ADVANCED   INSTRUCTION   AND 

RESEARCH 

Special  attention  is  called  to  the  opportunities  offered  through  the 
Faculty  of  Pure  Science  for  advanced  instruction  and  research  in 
Mining  Engineering,  Metallurgy,  Civil  Engineering,  Electrical  Engi- 
neering, Mechanical  Engineering,  Chemical  Engineering,  Chemistry, 
and  Highway  Engineering,  leading  to  the  degrees  of  A.M.  and  Ph.D., 
in  accordance  with  the  following  provision:  Students  holding  the 
required  first  degree  who  are  primarily  registered  in  a  professional 
school  of  Columbia  University,  or  in  an  allied  professional  school,  may, 
with  the  consent  of  the  faculty  of  such  school,  be  registered  as  candi- 
dates for  the  higher  degrees  in  the  Faculty  of  Political  Science,  the 
Faculty  of  Philosophy,  or  the  Faculty  of  Pure  Science.  In  such  a  case 
the  candidate  must  take  his  major  subject  under  one  of  these  Faculties, 
and  must  conform  to  all  its  rules  as  regards  examinations,  essay,  and 
dissertation ;  but  he  may  offer  as  the  equivalent  of  four  full  courses  for 
the  degree  of  Master  of  Arts  and  of  the  two  minor  subjects  for  the 
degree  of  Doctor  of  Philosophy  such  of  his  professional  courses  as  may 
be  approved  for  that  purpose  by  the  Dean  of  the  Graduate  Faculties. 
A  statement  of  the  general  regulations  governing  graduate  work  is 
printed  in  the  Announcement  of  the  Faculties  of  Political  Science, 
Philosophy,  and  Pure  Science,  which  may  be  had  upon  application  to 
the  Secretary  of  the  University. 


30 


MINES,   ENGINEERING  AND   CHEMISTRY 


An  outline  of  the  courses  in  the  Schools  of  Mines,  Engineering  and 
Chemistry  which  may  be  offered  toward  the  higher  degrees  will  be 
found  in  this  Announcement  on  pp.  81,  87,  104,  109,  et  scq. 

A  separately  printed  pamphlet  descriptive  of  the  work  in  Highway 
Engineering  may  be  had  upon  application  to  the  Secretary  of  the 
University. 

UNIFORM  CURRICULUM  FOR  THE  FIRST  YEAR* 

The  curriculum  for  what  was  formerly  the  first  year  of  the  four-year 
courses  leading  to  the  degrees  of  Engineer  of  Mines,  Metallurgical, 
Civil,  Electrical,  Mechanical  and  Chemical  Engineer  and  Chemist,  the 
requirements  of  which  must  be  fulfilled  by  the  student  entering  the 
second-year  class  in   1914,  is  printed  below. 

As  will  be  seen  in  this  tabular  statement,  this  year  was  mainly 
devoted  to  a  thorough  grounding  in  Mathematics,  Physics  and  Chem- 
istry, the  three  fundamental  subjects  which  form  the  indispensable 
basis  for  all  broad  and  successful  engineering  work,  not  only  in  the 
remaining  years  of  the  course,  but  throughout  the  entire  professional 
career.  Specialization  begins  to  some  extent  in  the  second  year,  and 
becomes  more  marked  in  the  third   and   fourth  years. 


First  Half  Year                                      Hours  per  week 

See  Page 

Class 

Lab'y 

8a 
82 

89 

29 
no 
109 
no 

Drafting  1 
Drafting  3 
Mathematics  1 
"Mathematics  3 
Mechanics,  1 
Phys.  Educ.  A 
Physics  3 

Engineering  Drafting 

Descriptive  Geometry 

Algebra 

Analytical  Geometry 

Elementary  Mechanics 

Gymnasium 

Mechanics,  Wave-Motion  and  Heat 

Total.. 

1 
3 
2 

3 
2 

5 

2 

16 

16 

Second  Half  Year 

76 

70 

89 

109 

no 

Civil  Eng.  2 
Chemistry  4,  62 
Mathematics  64 
Phys.  Educ.  A 
Physics  4 

Theory  of  Surveying 

General  Chemistry  and  Qual.  Analysis 

Calculus 

Gymnasium 

Heat  and  Light 

Total.. 

2 

5 
5 

5 

15 

2 

17 

17 

SUMMER  Work  :  Civil  Eng.  15s.      Five  weeks  of  surveying  practice. 

The  courses  in  this  year  will  not  be  given  during  the  academic  year  1014-15  or 
thereafter  in  the  present  undergraduate  courses  in  the  Schools  of  Mines,  Engi- 
neering and  Chemistry  leading  to  the  various  professional   degrees 
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MINING    ENGINEERING 
General  Statement 

The  instruction  in  the  School  of  Mines  during  the  first  and  second 
years  includes  fundamental  training  in  mathematics,  physics,  mechanics, 
chemistry,  mineralogy,  and  geology,  as  outlined  in  the  program  of 
studies  on  pages  30  and  36.  Laboratory  instruction  in  chemistry,  assay- 
ing, drafting,  mineralogy  and  geology  extends  through  three  years. 

The  engineering,  mining,  and  metallurgical  laboratories  are  equipped 
to  train  the  student  in  the  making  of  scientific  tests  of  engineering 
materials,  and  working  tests  of  machines  and  processes  of  ore  treat- 
ment, thus  preparing  him,  as  far  as  it  is  possible  in  the  school,  for 
work  that  he  will  be  called  upon  to  do  as  an  engineer. 

Practical  instruction  in  summer  classes  in  the  field  is  made  an  im- 
portant feature  of  the  curriculum.  Details  of  the  summer  courses  in 
mining,  metallurgy,  field  geology  and  surveying  will  be  found  on 
pages  34  and  35- 

While  much  time  is  given  to  practical  training  in  the  laboratories, 
in  the  field,  and  at  the  mines  and  metallurgical  establishments,  care  is 
taken  to  subordinate  this  instruction  to  a  high  standard  of  accomplish- 
ment in  classroom  work. 

Advanced  students  and  graduates  can  choose  their  subjects  and  plan 
of  work  much  more  freely  than  undergraduates.  Suggestions  as  to 
graduate  work  will  be  found  on  page  109. 

Location — Many  coal,  iron,  and  other  mines,  together  with  quarries 
and  metallurgical  works,  are  easily  accessible  from  New  York  in  from 
one  to  four  hours  by  rail.  Among  these  are  magnetite  iron  mines  in  New 
York,  New  Jersey,  and  Pennsylvania;  stone  quarries  in  the  same 
States,  and  in  Connecticut;  anthracite  and  bituminous  coal  mines, 
and  natural  gas  and  oil  wells  in  Pennsylvania,  and  zinc  mines  in  New 
Jersey.  New  York  and  the  adjacent  States  produce  each  year  about 
half  the  pig-iron  and  coal,  and  over  fifty  per  cent,  of  the  total  value 
of  the  mineral  product  of  the  whole  country.  There  are  within  easy 
reach  of  New  York  City  iron  blast  furnaces  and  some  of  the  most 
skilfully  designed  and  managed  steel  works,  rolling  mills,  steel  and 
iron  foundries,  copper  smelting  and  refining  works,  lead-refining  works, 
zinc  works,  and  electrolytic  establishments  in  the  world.  New  York 
City,  moreover,  is  the  headquarters  of  many  corporations  operating 
mines  and  metallurgical  works  in  this  and  other  countries.  Within  a 
radius  of  one  hundred  miles  may  be  studied  many  phases  of  the  best 
practice  in  mining  and  metallurgy  in  the  country.  By  going  a  little 
farther  one  may  reach  the  bituminous  coal  fields  and  the  natural  gaa, 
oil  and  salt  regions  in  one  direction,  and  the  pyrite  deposits,  and  granite 
and  marble  quarries  of  New  York  and  New  England  in  the  other; 
while  the  excursions  of  the  summer  class  in  mining  extend  as  far  as  the 
copper,  iron,  zinc,  lead,  silver,  and  gold  regions  of  Michigan,  Missouri, 
Montana,  Colorado,  California,  Arizona  and  Utah  (see  page  34). 
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of  a  standard  oil- well  drilling  rig,  and  a  model  of  the  St.  Joseph  Lead 
Co.'s  dressing  works  at  Bonne  Terre,  Missouri.  There  is  also  a  col- 
lection of  working  drawings  of  mine  plant,  and  a  collection  of  under- 
ground photographs,  taken  by  magnesium  light. 

Mining  Laboratories — These  laboratories,  occupying  seven  rooms, 
include  the  following: 

The  Laboratory  for  Mechanical  Assays  contains  appliances  for 
quantitative  work  in  hand  picking,  jigging  and  vanning  small  samples 
of  ore,  and  for  panning  gold-bearing  gravel.  For  small  scale  working 
tests  there  are  a  number  of  specially  designed  laboratory  classifiers, 
jigs,  sand  and  slime  tables. 

The  Crushing  and  Sampling  Laboratory  contains  machinery  for 
crushing  and  sampling  large  and  small  lots  of  ore,  including  gyratory 
and  jaw  crushers,  rolls,  a  sample  grinder,  ball  and  pebble  mills  for  fine 
crushing,  gyratory  screens,  automatic  samplers,  and  laboratory  crushers, 
together  with  sieves,  riffle  samplers,  etc. 

The  Laboratory  for  Working  Tests  contains  an  air  jig,  a  buddle, 
a  keeve,  magnetic  and  electrostatic  separators,  and  other  similar  ap- 
paratus for  working  a  ton  or  more  of  ore  at  a  time. 

The  Laboratory  of  Ore-Dressing  Machinery  contains  full-sized  ma- 
chines of  standard  types.  The  apparatus  now  installed  includes  two 
Harz  jigs  of  two  and  three  compartments;  a  Hooper  vanning  jig,  a 
Richards'  pulsator  jig  and  two  pulsator  classifiers,  two  conoidal  round 
tables,  concave  and  convex;  a  Johnston  vanner,  a  Wilfley  table,  a 
Deister  slimer,  and  a  Stein-Bilharz  belt  table.  On  the  floor  below  are 
full-sized  classifiers,  dewatering  cones,  automatic  feeders,  and  centrif- 
ugal pumps  for  supplying  these  machines  with  water  and  ore  for  con- 
tinuous work. 

Mining  Laboratory  Instruction 

The  work  required  is  designed  (1)  to  illustrate  the  physical  laws 
and  practical  conditions  affecting  the  mechanical  concentration,  separa- 
tion, and  purification  of  minerals ;  (2)  to  instruct  the  students  in  the 
details  of  quantitative  working  tests  on  both  small  and  large  scale; 
(3)  to  train  them  in  the  adjustment  and  operation  of  the  standard 
types  of  concentrating  machines,  and  in  testing  the  efficiency  of  such 
machinery  in  actual  operation,  and  (4)  to  give  opportunity  for  original 
research. 

The  work  includes  the  reduction  of  a  ton  or  more  of  ore  to 
laboratory  samples,  and  tests  on  portions  of  this  ore  by  handpicking, 
hand    jigging,    and    mechanical    treatment    on    laboratory   jigs,    classi- 
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fiers,  and  slime  tables,  to  determine  the  proper  method  of  mill  treatment 
These  tests  are  controlled  by  crushing  and  vanning  samples  of  the 
products,  and  reports  of  the  results  obtained  are  made  in  a  systematic 
manner. 

The  large  concentrators  are  arranged  to  be  run  continuously,  for  as 
many  hours  as  may  be  necessary,  using  the  same  ore  and  the  same 
water  again  and  again.  This  is  accomplished  by  running  the  products 
of  the  several  machines  through  dewatering  cones,  from  which  the 
mixed  material  is  transferred  to  the  hoppers  of  automatic  feeders  Vari- 
able speed  pulleys  permit  any  desired  adjustment  of  the  driving  mechan- 
isms. The  water  supply  is  drawn  from  a  constant  level  tank  fed  by 
a  centrifugal  pump,  and  is  regulated  by  dial  cocks.  Other  adjustments 
are  equally  under  control  and  can  be  varied  at  will. 

With  each  of  these  machines  the  student  makes  a  series  of  experi- 
ments. These  include  the  adjustment  and  regulation  of  the  ore  supply 
of  the  feed  and  wash  water,  of  speed,  stroke,  and  other  working  con- 
ditions, to  the  treatment  of  different  ores  and  different  grades  of  sand 
and  pulp.  In  this  work  the  student  is  taught  to  reco-nize  the  symptoms 
of  irregular  working,  to  diagnose  the  trouble  with  the  aid  of  laboratory 
tests,  and  to  apply  the  proper  remedy.  Incidentally  he  makes 
tests  of  capacity  and  efficiency,  taking  frequent  samples  of  the  ore 
feed  and  of  the  different  products  for  quantitative  examination,  and 
weighs  and  measures  the  ore  and  water  supply  and  products  obtained. 
Experiments  of  this  kind  for  purposes  of  instruction  cannot  well  be 
made  at  concentration  works  in  the  field.  There  the  machines  must 
work  regularly  and  without  interruption,  and  any  interference  with 
the  ore  feed,  water  supply,  or  other  adjustments  may  occasion  loss  of 
valuable  mineral. 

Research  WoRK-The  laboratories  have  facilities  for  original  in- 
vestigation in  the  physical  laws  controlling  the  mechanical  treatment 
of  minerals. 

Original  researches  have  recently  been  undertaken  by  graduate  stu- 
dents in  investigation  of  magnetic  fields  with  reference  to  ore-con- 
centration; the  effect  of  variations  in  the  speed  of  crushing  machinery 
on  the  production  of  undersized  material ;  the  amalgamation  of  gold 
ores;  an  investigation  of  the  laws  of  jigging. 

Summer    Courses 

Summer  Courses  in  Surveying— About  five  weeks'  work  in  survey- 
ing is  required  of  each  class  between  the  first  and  second  years,  and 
eight  weeks  between  the  second  and  third.     See  pages  46  to  47. 

Summer  Course  in  Mine  Surveying— Following  the  13  weeks  of 
prescribed  field  work  in  surveying,  one  week  is  spent  in  underground 
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surveying  at  a  mine.  In  1909  and  again  in  1910  this  work  was  done 
at  the  Orchard  Mine,  Wharton,  N.  J.;  in  191 1,  1912  and  1913,  at  work- 
ings of  No.  3  shaft,  of  Lehigh  Valley  Coal  Co.,  Hazleton,  Pa. 

Summer  Course  in  Practical  Mining — Six  weeks  are  spent  in  de- 
tailed study  of  the  plant  and  methods  of  working  at  some  mine  or 
mines  and  in  visits  to  other  mines  and  mining  regions.  The  course 
includes  shaft-sinking,  drifting,  stoping,  timbering,  underground  haul- 
age, hoisting,  mine  drainage,  ventilation,  surface  plant,  mine  buildings, 
repair  shops,  etc.,  organization  and  administration.  Arrangements  are 
made  at  selected  mines,  by  which  the  students,  singly  or  in  small 
squads,  may  do  the  work  described  above  according  to  a  definite  plan 
and  under  the  general  direction  of  the  department. 

These  summer  courses  have  been  in  operation  since  1877,  and  have 
proved  themselves  an  indispensable  adjunct  to  the  regular  curriculum. 
They  bear  the  same  relation  to  the  study  of  mining  as  laboratory  work 
to  the  study  of  chemistry  or  physics,  or  clinical  instruction  and  hospital 
practice  to  the  study  of  medicine. 

In  1910,  the  class,  numbering  43  men,  was  scattered  through  16  States 
and  for  the  required  work  visited  over  60  mines. 

In  191 1,  the  class  numbered  40  men,  who  studied  at  gold,  silver,  cop- 
per, lead,  zinc  and  coal  mines,  in  12  different  states. 

In  1912,  the  class  of  37  men  studied  at  gold,  copper,  iron  and  coal 
mines,  in  Colorado,  Montana,  Nevada,  Alaska,  Michigan,  Tennessee, 
New  York,  Pennsylvania  and  New  Jersey.  The  time  occupied  was 
from  6  to  11  weeks. 

In  1913  the  class  of  35  men  studied  at  gold,  silver,  copper,  iron, 
coal  and  pyrite  mines,  in  Colorado,  Michigan,  Wisconsin,  Minnesota, 
Arizona,  Mexico,  West  Virginia,  Pennsylvania,  New  York,  New  Jersey 
and  Canada.     The  time  occupied  was  from  6  to   10  weeks. 

Summer  Course  in  Metallurgy — Students  are  required  to  devote 
six  days  to  the  study  of  metallurgical  plants  in  the  vicinity  of  New 
York,  where  the  smelting  of  copper  and  lead  ore  and  the  refining  of 
copper  and  lead  bullion  may  be  seen,  or  the  men  may  study  metallurgical 
plants  in  the  West,  situated  near  the  mines  to  which  they  may  be 
assigned  for  their  summer  work  in  mining.  A  full  report  is  required 
of  each  student. 

Summer  Courses  in  Geology — One  week  is  devoted  to  practical  field 
geology.  The  class  is  instructed  in  methods  of  field  observation,  locat- 
ing outcrops,  measuring  dip  and  strike,  keeping  notes,  etc.,  afterward 
constructing  maps  and  geological  sections  from  the  observations  noted ; 
all  under  the  supervision  of  the  Professor  of  Geology. 
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ENGINEER  OF  MINES 

inl^  ^OUr:yeartCOurse  Ieadi"S  to  the  degree  of  Engineer  of  Mines  is 
mtendcd  primarily  to  train  men  to  undertake  the  development  omin 
eal   properties,   the   design    and   construction   of  mine   plants    LT to 
manage  mines.    It  ,s  necessarily  a  broad  one,  comprising  a  wide  range 

taken  h"  IT"  ?*•  *  "^  *nd  for  this  "ason  is  frequency 
taken  by  students  desiring  a  general  scientific  training  * 

The  subjects  most  emphasized  in  this  course  are  mining,  metallurgy 
geology   and  engineering.     Metallurgy  requires  knowledge  of  inorganTc 
and  applied  chemistry,  qualitative  and  quantitative  analysis,  and  aSy 
mg.    Geology  must  carry  with  it  preliminary  training  in  crystallography 
mineralogy,  and  petrography.  ^ysiauograpny, 

Engineering  in  all  its  branches  needs  a  fundamental  knowledge  of 
mathematics,  physics,  mechanics,  and  thermodynamics.  The  proper 
design  and  construction  of  mining  plants  involves  the  study  of  certa  n 
branches  of  civil  engineering,  and  the  many  and  increasing  applied 
of  machinery  to  min  mg  make  it  necessary  to  give  much  time  to  th 
theory  and  practice  of  mechanical  and  electrical  engineering. 

FIRST    YEAR 
See  page  30 


See  Page 


76 
82 

87 
90 

!05 

109 
no 


73 

75 

83 

87 

no 

105 

109 


Civil  Eng.  23 
Drafting-  7 
Geology  5 
Mathematics  65 
Mineralogy  1 
Phys.  Educ.  B 
Physics  5 


Chemistry  66 
Chemistry  8a 
Elect.  Eng.  2 
Geology  6 
Mechanics  102 
Mineralogy  2 
Phys.  Educ.  B 


SECOND    YEAR 


First  Half  Year 


Theory  of  Railroad  Surveying 

Structural  Drafting 

General  Geology 

Calculus 

Mineralogy 

Gymnasium 

Electricity 


Hours  per  week 


Total.. 


Class 


Second  Half  Year 


Quantitative  Analysis 
Industrial  Chemistry 
Elements  of  the  Dynamo 
General  Geology 
Analytical  Mechanics 
Mineralogy 
Gymnasium 


Total 


18 


Lab'y 


~ . '.Total    .1       ig  ,7 

S»MMER  Work  ;  Civil  Eng.  ,»  and  ,8s,  Practical  Surv.yi-g  feight  WMt^ 
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First  Half  Year                                     Hours  per  week 

See  Page 

Class 

Lab'y 

77 
77 
88 
90 
104 
106 

Civil  Eng.  53 
Civil  Eng.  53 
Geology  105 
Mech.  Eng.  13 
Metallurgy  81 
Mining  51 

Resistance  of  Materials 

Resistance  of  Materials  (Testing  Lab.) 

Economic  Geology 

Steam  Power  Machinery 

Assaying 

Excavation  and  Tunneling 

Total.. 

5 

3 
3 
2 
3 

3 
3 

9 

16 

15 

Second  Half  Year 

77 
79 
83 
83 
87 
88 
90 

97 
105 
106 
106 

Civil  Eng.  54 
Civil  Eng.  64 
Elect.  Eng.  4 
Elect.  Eng.  72 
Geology  4 
Geology  106 
Mech.  Eng.  14 
Mech.  Eng.  80 
Mineralogy  6 
Mining  52 
Mining  54 

Resistance  of  Materials— problem  work 
Graphic  Statics 
Electric  Distribution 
Direct  Current  Laboratory 
Petrography  (6  hrs.  for  2  months) 
Economic  Geology 
Steam  Power  Machinery 
Experimental  Mechanical  Laboratory 
Optical  Mineralogy  (6  hrs.  for  2  mos.) 
Boring  &  Shaft  Sinking 
Methods  of  Mining 

Total.. 

1 

2 

I 

3 
3 
I 

2 

3 

3 
3 

3 
3 

3 
3 

16 

18 

Summer  Work  :  Field  work,  Mining,  Metallurgy,  and  Geology  (9  weeks). 

FOURTH  YEAR 


First  Half  Year 

84 

Elect.  Eng.  75 

Alternating  Current  Laboratory 

3 

88 

Geology  101 

Applied  Petrography  (elective) 

90 

Mech.  Eng.  17 

Engineering  Thermodynamics 

100 

Metallurgy  101, 

Introduction  to  Metallurgy  and  Metal- 

in 

lurgy  of  Copper 

3 

1 

IOI 

Metallurgy  131 

Metallurgy  of  Iron  and  Steel 

Metallurgy  141 

Electro-Metallurgy 

1 

107 

Mining  71 

Mine  Plant 

3 

107 

Mining  73 

Mine  Constructions 

107 

Mining  75 

Design  of  Mine  Plant 

108 

Mining  81 

Ore  Dressing 

4 

2 

108 

Mining  91 

Mine  Administration  and  Accounts 

Total.. 

18 

15 

Second  Half  Year 

79 

Civil  Eng.  76 

Hydraulics 

87 

Geology  16 

Paleontology  (elective) 

88 

Geology  102 

Petrography  of  the  Ores  (elective) 

83 

Geology  no 

Geological  Surveys 

2 

97 

Mech.  Eng.  74 

Gas  Power  Machinery 

2 

103 

Metallurgy  72 

Metallurgical  Laboratory  (10  afts) 

IOI 

Metallurgy  122 

Metallurgy  of  Gold,  Silver,  etc. 

106 

Mining  56 

Mine  Engineering 

3 

107 

Mining  72 

Mine  Plant 

3 

107 

Mining  78 

Thesis 

108 

Mining  80 

Mill  Constructions 

108 

Mining  82 

Ore  Dressing  (Lab.)— (afts.  of  3  weeks) 

3 

108 

Mining  94 

Mining  Law 

Total.'. 

2 

18 

17 
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METALLURGICAL    ENGINEERING 
General    Statement 

The  primary  aim  of  the  four-year  course  leading  to  the  degree  of 
Metallurgical  Engineer  is  to  train  students  to  take  laboratory  or  admin- 
istrative positions  in  metallurgical  works. 

The  undergraduate  instruction  consists  of  (i)  class-room  work,  lec- 
tures, conferences,  study  of  text-books;  (2)  general  laboratory  work 
in  metallurgy;  (3)  training  in  planning  and  executing  original  re- 
search; (4)  summer  courses  and  visits  to  industrial  metallurgical  works. 

Much  importance  is  attached  to  a  thorough  training  in  the  funda- 
mental subjects,  mathematics,  chemistry,  physics,  geology,  mineralogy, 
and  engineering,  and  to  the  higher  branches  of  engineering,  chemistry 
and  important  courses  in  mining  engineering,  with  a  view  to  their  ap- 
plications to  metallurgical  practice. 

Great  stress  is  laid  on  the  original  planning  and  executing  of  work, 
which  is  done  under  the  direction  and  criticism  of  the  instructors. 

The  instruction  in  metallurgy  is  based  on  advanced  practice  in  the 
science  from  the  introductory  courses  in  metallurgy  to  the  advanced 
special  courses  in  the  various  branches  of  the  subject. 

^  To  graduate  and  other  advanced  students  and  properly  qualified  prac- 
titioners, the  department's  laboratories  are  open  under  generous  restric- 
tions. 

Location    and    Equipment 

Location— For  the  advantages  of  New  York  and  the  adjacent  states 
see  page  31. 

Metallurgical  Establishments  Accessible— Some  of  the  largest 
and  most  advanced  iron,  steel,  copper,  lead,  zinc,  and  electrometallurgical 
works  in  the  world  are  accessible  to  students  of  the  School  of  Mines 
for  the  study  of  the  best  metallurgical  practice.  See  also  page  31. 
The  summer  classes  visit  in  different  years  metallurgical  establishments 
in  all  parts  of  the  country,  including  the  extreme  West  and  South. 

Building— The  department  occupies  about  half  the  School  of  Mines 
Building.     See  page  32. 
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Collections— There  are  large  and  growing  collections  of  lecture  dia- 
grams; of  models  and  working  drawings  of  metallurgical  furnaces  and 
machinery;  of  apparatus  for  lecture  demonstration  and  illustration  of 
metallurgical  principles  and  processes;  and  a  very  large  collection  of 
metallurgical  specimens  and  suites,  with  descriptive  and  explanatory 
notes. 


Metallurgical  Laboratories— There  are  four  specially  equipped 
metallurgical  laboratories  which  serve  four  chief  purposes:  (1)  to  give 
skill  in  the  use  of  the  instruments  of  precision  of  the  art;  (2)  to  teach 
the  underlying  principles  of  metallurgy  and  give  familiarity  with  the  con- 
ditions, especially  to  to  high  temperature,  under  which  metallurgical 
operations  must  be  carried  on,  and  the  use  of  the  principal  types  of  fur- 
naces and  other  metallurgical  apparatus,  or  in  short  "Analytical  metal- 
lurgy"; (3)  to  give  some  aquaintance  with  certain  industrial  metallurgi- 
cal processes,  or  what  may  be  called  "Applied  metallurgy" ;  and  (4)  to 
give  advanced  students  and  qualified  practitioners  the  means  of  making 
metallurgical  and  metallographic  researches. 


Instruments  of  Precision— Standard  pyrometers,  such  as  the 
Le  Chatelier  thermo-electric  pyrometer,  the  Wanner  optical,  and  the 
Fery  radiation  pyrometer,  are  used  for  the  determination  of  high 
temperatures;  sclerometers  for  measuring  hardness  of  metals  and 
alloys;  Fremont  and  Brinell  impact  testing  machine;  a  tensile  testing 
machine;  a  Berthelot  calorimeter  for  testing  fuels;  and  many  other 
instruments  for  the  determination  of  the  physical  properties  of  metals 
and    alloys. 

Non-Ferrous  and  Electrometallurgical  Laboratory— A.  For  wet 
and  dry  metallurgy,  the  extraction,  refining,  and  alloying  of  the  non- 
ferrous  metals,  there  are  ore-roasting  furnaces;  gas-fired  crucible  fur- 
naces; assay  muffle  furnaces;  a  high  temperature  forge;  leaching 
plants ;  a  filter  press ;  amalgamating  pans ;  a  chlorinating  barrel ;  ball 
mills ;  desilverization  kettles ;  and  pyrometers.  B.  For  electrometallurgy, 
the  electrical  recovery,  deposition,  refining,  and  alloying  of  metals,  there 
are  storage  batteries;  a  30  K.W.  motor-generator  set  for  supplying 
direct  current  at  high  amperage  and  a  range  up  to  25  volts ;  electrolytic 
refining  vats;  small  electric  furnaces  of  the  Moissan  arc,  Borchers  arc 
and  resistance  types;  and  large  experimental  melting,  smelting,  and 
refining   furnaces. 


Iron  and  Steel  Laboratory  is   equipped  with  electric  and  double 
muffle  gas   furnaces  especially  designed  for  this  laboratory,   in  which 
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a  number  of  full-sized  tensile  test  bars  may  be  heated  simultaneously  to 
any  temperature  up  to  13000  C,  with  uniformity  and  precision;  gas 
crucible  furnaces;  gas  forges;  special  furnaces;  and  small  power- 
driven  rolls  for  studying  the  influence  of  the  conditions  of  rolling  on 
the  properties  of  metals. 

The  Metallographic  Laboratories,  for  the  miscroscopic  and  pyro- 
metric  study  of  metals,  mattes,  speiss,  slags,  ores,  etc.,  have  micro- 
scopes of  the  Leitz,  Le  Chatelier,  and  other  types;  equipment  for 
illumination  and  photography;  electric  resistance  furnaces  of  different 
types ;•  portable  gas  furnaces;  and  pyrometers.  The  metal-working 
shop  has  power-driven  machines  for  cutting  specimens,  etc. 

The  Assay  Laboratory  has  for  its  main  equipment  thirty-six  gas- 
fired  muffle  furnaces,  with  a  corresponding  number  of  desks,  which  are 
arranged  in  rows  with  a  furnace  facing  each  desk.  There  are,  also,  a 
sufficient  number  of  coke  pot,  coal  muffle  and  gasoline  furnaces  for  the 
student  to  become  familiar  with  these  types.  The  usual  balance,  grind- 
ing, and  cupel  rooms  are  provided. 


Supplies— There  is  a  large  stock  of  ores,  irons,  steels,  alloys,  refrac- 
tory materials,  fluxes,  etc.,  which  may  be  used  for  investigations. 


The  Metallurgical  Library  containing  over  fifteen  hundred  vol- 
umes of  metallurgical  treatises,  text-books,  periodicals,  etc.,  is  open  to 
all  students,  and  to  others  properly  introduced.  Books  may  be  bor- 
rowed under  suitable  restriction. 


Metallurgical  Laboratory  Instruction 

In  order  to  become  familiar  with  a  wide  range  of  the  conditions 
and  principles  of  metallurgy,  the  student  conducts  experiments,  each 
illustrating,  testing,  or  aiming  to  discover  some  one  or  more  metal- 
lurgical principles  or  reactions,  or  the  conditions  which  permit  a  given 
reaction  to  occur.  He  must,  in  general,  after  each  experiment  enun- 
ciate briefly  in  writing,  the  law  to  which  his  results  point,  or  indicate 
how  far  those  results  severally  and  collectively  support  or  oppose  a 
given  proposition. 

These  experiments  relate  chiefly  to  such  subjects  as  the  influence  of 
thermal  treatment  on  the  properties  and  microstructure  of  metals  and 
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alloys;  the  determination  of  melting  points  and  other  tempera- 
tures; the  relation  between  the  composition  of  mattes  and  slags  and 
their  fusibility;  the  influence  of  fluxes;  the  behavior  of  refractory  ma- 
terials at  high  temperatures,  either  alone  or  in  contact  with  different 
slags ;  the  temperature  limits  and  the  reactions  of  roasting  operations ; 
the  influence  of  various  bodies  on  the  reactions  which  take  place  in 
roasting,  in  the  cyanide  process,  in  the  chlorination  process,  and  in  pan 
amalgamation;  the  interaction  of  carbon  and  molten  oxides,  sulphides, 
silicates,  etc.,  etc. 


Summer  Courses 

Summer  Courses  in  Metallurgy — No.  62s  for  mining  engineers 
consisting  of  visits  to  non-ferrous  metallurgical  plants  for  a  period  of 
one  week. 

For  metallurgical  engineers  the  summer  course  lasts  six  weeks  and 
includes  No.  64s,  visits  to  iron  and  steel  metallurgical  plants,  and  66s, 
visits  to  plants  for  other  metals.  On  these  trips,  which  cover  the 
practice  in  both  the  east  and  the  west,  the  students  are  instructed 
in  the  actual  metallurgical  operations  as  carried  on  in  the  field.  A 
prominent  part  of  these  courses  consists  of  work  such  as  making 
written  descriptions  of  the  processes,  and  sketches  of  the  furnaces  and 
other  apparatus,  with  dimensions,  usually  from  the  student's  own  esti- 
mate; explaining  the  principles  on  which  the  processes  rest,  the  reasons 
for  the  special  shapes  and  sizes  of  the  apparatus,  the  chief  technical 
difficulties,  how  they  are  overcome,  and  by  what  tests  the  processes 
are  controlled;  giving  the  number  of  men,  and,  as  far  as  practicable, 
the  consumption  of  fuel  and  other  materials,  the  thoroughness  of  recov- 
ery of  the  metal  sought,  etc.  From  an  imaginary  set  of  prices  and 
wages,  the  students  calculate  the  cost  and  profit  of  certain  operations. 

Summer  Courses  in  Surveying — About  thirteen  weeks'  work  in  sur- 
veying is  required  of  the  class  between  the  first  and  second  years. 
See  pages  46  and  47. 

Summer  Courses  in  Geology — After  the  third  year  at  least  one  week 
is  devoted  to  practical  field  geology.     For  details  see  page  89. 

Metallurgical  Excursions — At  stated  times  excursions,  open  only 
to  students  in  Metallurgical  Engineering,  are  made  to  the  neighboring 
foundries,  machine  shops,  mines,  and  other  points  of  interest.  The 
students  attend  these  excursions  in  squads  of  such  size  that  proper  in- 
dividual instruction  can  be  given  to  each  member  of  the  squad. 
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METALLURGICAL  ENGINEER 

This   course,   which   covers   four  years,    is  intended    for   those   who 
expect  to  follow  metallurgical  work  and  become  trained  metallurgists 
m  any  of  the  branches  of  the  profession.     During  the  hrst  two  year 
attention  is  paid  to  a  thorough  training  in  fundamental  subjects    espe- 
cially   in    mathematics,    chemistry,   physics,   geology,    mineralogy    and 
preliminary  courses   in  engineering.     In  the  third  year  instruction  is 
given  in  metallurgy  and  in  mechanical,  electrical  and  mining  engineer- 
ing, chemistry,  mineralogy  and  geology.     The  fourth  year  is  devoted 
argely  to  advanced  lecture  courses  and  laboratory  work  in  metallurgy 
to  important  courses  in  mining  engineering,  and  to  the  higher  branches 
of  engineering  and  chemistry. 
In  the  summer  schools,  instruction  is  given  in  general  surveying   in 

"ks  rtheg:rIogii field work' and **- are ™de to »*Hc2 

works      In  the  six  weeks'  summer  courses  at  metallurgical  works  the 
students  are  required  to  study  processes,  make  dimension  sketches  of 
furnaces   and   mills    and  by   observation   and  instruction   become  ac 
quamted  with  metallurgical  operations  as  conducted  at  the  time. 

FIRST   YEAR 

See  page  30 

SECOND  YEAR 


See  Page 


76 
82 
87 
90 
105 
109 


109 


Civil  Eng.  23 
Drafting  7 
Geology  5 
Mathematics  65 
Mineralogy  7 
Phys.  Educ.  B. 
Physics  5 
Physics  43 


Chemistry  66 
Chemistry  82 
Elect.  Eng.  2 
Geology  6 
Mechanics  102 
Mineralogy  8 
Phys.  Educ.  B. 


First  Half  Yeat 


Theory  of  Railroad  Surveying 

Structural  Drafting 

General  Geology 

Calculus 

Mineralogy 

Gymnasium 

Electricity 

Physical  Laboratory 


Second  Half  Year 


Quantitative  Analysis 
Industrial  Chemistry 
Elements  of  the  Dynamo 
General  Geology 
Analytical  Mechanics 
Mineralogy 
Gymnasium 


Total. 


Total. 


Hours  per  week 


Class       Lab 


18 


SUMMER  Courses  :  Surveying  Practice  5  weeks  (Civil  Eng.  27ST 
Purveying  Practice  3  weeks  (Civil  Eng.  28S). 
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43 


THIRD  YEAR 


First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

77 

Civil  Eng.  53 

Resistance  of  Materials 

5 

6 

83 

Geology  105 

Economic  Geology 

3 

go 

Mech.  Eng.  13 

Steam  Power  Machinery 

3 

104 

Metallurgy  81 

Assaying 

2 

9 

100 

Metallurgy  101 

Introduction  to  Metallurgy 

1 

100 

Metallurgy  in 

Metallurgy  of  Copper 

Total.. 

* 

,6 

*5 

Second  Half  Year 

79 

Civil  Ens.  64 

Graphic  Statics 

! 

3 

79 

Civil  Eng.  78 

Hydraulics 

2 

83 

Elect.  Eng-.  72 

Direct  Current  Laboratory 

I 

3 

85 

Elect.  Eng.  104 

Electric  Distribution 

2 

87 

Geology  4 

Petrography  (6  hrs.  for  2  months) 

3 

88 

Geologv  106 

Economic  Geology 

3 

9° 

Mech.  Eng.  14 

Steam  Power  Machinery 

3 

95 

Mech.  Eng.  60 

Hydraulic  Laboratory 

3 

101 

Metallurgy  122 

Metallurgy  of  Lead,  etc. 

3 

105 

Mineralogy  6 

Ootical  Mineralogy  (6  hrs.  for  2  months) 

3 

106 

Mining  54 

Methods  of  Mining 

3 

Total.. 

18 

15 

SUM! 

ier  Courses  :  Noj 

i-ferrous  Works  Visits  3  weeks  (Met.  66S 

).     Iron 

and 

Steel  \ 

Vorks  Visits  3  wee 

cs  (Met.  64S).     Geology  Field  Work  1  wet 

k(Geol 

xiaS). 

FOURTH  YEAR 


First  Half  Year 

71 

Chemistry  121 

Physical  Chemistry 

3 

84 

Elect.  Eng.  75 

Alternating  Current  Laboratory 

1 

8 

90 

Mech.  Eng.  17 

Engineering  Thermodynamics 

2 

I°3 

Metallurgy  77 

Metallurgical  Plant  Construction 

S 

IOI 

Metallurgy  131 

Metallurgy  of  Iron  and  Steel 

1 

102 

Metallurgy  141 

Electrometallurgy 

1 

102 

Metallurgy  151 

Constitution  of  Alloys 

a 

103 

Metallurgy  171 

Metallurgical  Laboratory 

9 

103 

Metallurgy  175 

Metallurgical  Investigation 

1 

107 

Mining  73 

Mine  Constructions 

1 

108 

Mining  81 

Ore  Dressing 

4 

108 

Mining  91 

Mine  Administration  and  Accounts 

Total.. 

a 

18 

15 

Second  Half  Year 

71 

Chemistry  122 

Physical  Chemistry 

3 

96 

Mech.  Eng.  72 

Gas  Power  Machinery 

a 

3 

97 

Mech.  Eng.  78 

Standard  Tests 

1 

3 

Metallurgy  118 

Advanced  Metallurgy  of  Copper 

1 

IOI 

Metallurgy  128 

Advanced  Metallurgy  of  Lead,  etc. 

1 

102 

Metallurgy  138 

Advanced  Metallurgy  of  Iron  and  Steel 

1 

102 

Metallurgy  148 

Advanced  Electrometallurgy 

1 

102 

Metallurgy  158 

Advanced  Course  on  Constitution  and 
Property  of  Allovs 

1 

103 

Metallurgy  172 

Metallurgical  Laboratory 

6 

108 

Mining  80 

Mill  Construction 

X 

108 

Mining  82 

Ore  Dressing 

3 

108 

Mining  94 

Mining  Law 

Total.. 

a 

M 

15 
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CIVIL   ENGINEERING 
General   Statement 
The    four-year   course  leading  to   the   degree   of  Civil    Engineer  i. 
ntrgenJnV  The*  th0r0USh  ana'ytiCa'  *""■  h  -utn^o       no 

for  taose  dut.es  or  functions  of  an  executive  character  whose  discha  "e 
m  connec  ,o„  wnh  the  management  of       bHc  Qr  ^  ****• 

engmeenng^  The  breadth  and  nature  of  this  educational  training  adaot, 

gs  notS0Cf  an'    yt°  "?  T"  °f  ",0Se  "h°  in*nd  to  «*^S 
or  L?  engineering  character  but  which  may  be  related  more 

neer  ,s  c  „fd  tQ  cons(ruct  or  e  fa  (  en  , 

on     The  mstruct.on  is  given  by  lectures,  demonstration,  by  th    sUdn, 
and  fiequent  conferences,  co-ordinate  with  which  the  work  o    de  ig„  is' 

elect""  motors  "^  PUmP"lg  eng''neS'  h*draulic.  ste*»  «"«> 

ginAeelwfaaCn!;tieS  "Y^  '"  "*«™*—  *"*«*>  in  civil  en- 
gineering and  special  students  are  admitted  to  various  engineering 
courses  of  the  department  upon  evidence  of  proper  qualification,  * 

iJZ7lnr°/'S]?"  '"  Ta<le  f°r  graduate  work  in  Hi8!»vay  Engineer- 
ing and  a  bed  subjects,  leading  to  the  degree  of  Master  of  Arts  designed 

part  cularly  for  men  engaged  in  the  practice  of  Highway  Enghie  fi„t 
Th     work  „  during  the  months  from  S       y       8 neenng 

o     H^LTf    eaUiVa'ent  '°  °"e  half  yCar-    °^^y  -  * 
durin"  fl  e  'J   ^T  f°  °btain  adva"Ced   Passional   knowledge 

"SS    the  year  when  ,eavcs  of  abscnce  *™  «?*  "^ 
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Equipment 

The  school  possesses  an  unusually  full  equipment  of  engineers'  and 
solar  transits,  levels,  plane  tables,  compasses,  and  all  accessories,  as  well 
as  smaller  instruments.  Current  meters,  hook  gauges,  and  floats  of 
various  types  are  also  used  in  making  observations  on  the  flow  in,  and 
discharge  of,  rivers  and  canals.  A  complete  set  of  sections  of  iron  and 
steel  shapes,  models  and  photographs  of  engineering  works,  together 
with  working  plans  of  the  latter,  are  in  the  department  for  the  use  of 
students.  The  hydraulic  laboratory  affords  opportunity  for  the  prac- 
tical operations  of  measuring  the  discharge  through  weirs  and  other 
orifices,  the  flow  through  open  channels  and  closed  pipes,  frictional  and 
other  resistances  in  pipes  and  open  channels,  as  well  as  for  meter  gaug- 
ings,  and  for  general  hydraulic  investigations.  The  testing  work  in  the 
mechanical  laboratory  includes  the  complete  tests  of  various  structural 
materials  in  tension,  compression,  bending,  and  torsion,  including  the 
observation  and  digesting  of  all  corresponding  data. 

A  cement-testing  laboratory  is  fully  equipped  with  testing  machines, 
briquette  molds,  tanks,  and  other  apparatus  requisite  for  all  classes  of 
investigations  in  the  nature  and  physical  properties  of  cements  and 
cement  mortars. 

A  complete  laboratory  for  the  testing  of  road  materials  has  been 
established  and  is  constantly  in  use  for  investigations  connected  with 
materials  suitable  for  road  building.  The  facilities  offered  by  the  labora- 
tory are  full  and  sufficient  to  make  all  tests  required  to  determine  resist- 
ance to  abrasion,  classification  of  sand,  gravel  and  broken  stone  and  the 
cementing  power  of  all  qualities  of  road  materials.  This  equipment 
also  includes  complete  facilities  with  all  modern  apparatus  used  in  the 
determination  of  the  physical  and  chemical  properties  of  bituminous 
materials.  The  laboratory  is  at  the  service  of  students  and  is  used  by 
them,  both  for  the  ordinary  prosecution  of  studies  to  which  the  deter- 
mination of  results  is  related  and  for  the  purposes  of  thesis  work,  and 
other  similar  investigations. 

The  Materials  Testing  Laboratory  is  located  at  the  north  end  of 
the  main  floor  of  the  Engineering  Building.  It  is  fully  equipped  with 
modern  appliances  for  the  conduct  of  tests  upon  all  structural  materials. 
There  are  seven  testing  machines  varying  in  capacity  from  600  lbs.  to 
400,000  lbs.,  representing  all  American  types,  including  a  150,000-lb. 
Emery  hydraulic  power  machine,  which  is  a  standard  of  accuracy,  and 
the  refinement  of  mechanical  construction.  These  machines  are  suited 
to  make  tension,  compression,  transverse  and  torsion  tests  upon  metals, 
also  to  make  all  desired  tests  upon  building  materials,  such  as  timber, 
stone,  brick,  concrete  blocks  or  concrete-steel  beams,  columns,  partition 
blocks,  and  all  built  up  materials. 

The  laboratory  is  also  liberally  supplied  with  a  large  assortment  of 
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extensometers,  deflectometers,  micrometers,  gauges,  and  similar  instru- 
ments of  precision  for  measurement  of  test  pieces 

Other  apparatus,  such  as  delicate  scales  of  different  sizes  for  use  in 
absorption  and  freezing  tests  on  building  materials,  also  pyrometers 
and  furnaces  for  the  conduct  of  fire  tests  upon  all  kinds  of  fire-resisting 
materials  are  available. 

General    Statement    of    the    Summer    Courses    in    Surveying    and 
Geodesy  at  Camp  Columbia,  Morris,  Conn. 

The  instruction  in  Surveying  given  by  the  Department  of  Civil  Engi- 
neering consists  of  lectures,  recitations  and  problem  work,  supplemented 
by  instrumental  practice  in  field  work,  and  office  work  in  computation 
and  mapping.     The  general  lectures  and  recitations  are  given  at  the 
University.     The  field  practice  is  given  during  the  three  summer  vaca- 
tions of  the  regular  four-year  course.    The  subject  of  Geodesy  is  given 
by  the  Department  of  Astronomy,  and  the  practical  work  connected 
therewith  is  done  under  the  supervision  of  that  department  by  students 
in   Cm]   Engineering  during  a  portion   of  five  weeks  of  the  summer 
vacation  between   the  third   and   fourth  years.     The  theory  of   Plane 
Surveying,  including  Railroad   Surveying,  is  given  by  the  Department 
of  Civil  Engineering.    The  field  practice  is  conducted  under  the  admin- 
istration of  the   Summer  Session  at  Camp  Columbia,  a  point  in   the 
country  near  Litchfield,  Conn.,  where  ample  facilities  are  provided  for 
all    requisite   operations,  and    where    the  topography  and   climate  are 
admirably  adapted  to  the  practical  work  of  surveying.     Five  weeks' 
continuous  attendance   is   required  of  all   students  in  the   Schools  of 
Mines,  Engineering  and  Chemistry  during  the  summer  betwen  the  first 
and  second  years.     (See  C.E.  i5S,  page  76.)     Five  weeks'  additional 
attendance    is    required    of    all    students    in    Civil    Engineering     (see 
C.E.   25S,  page  77),  and   eight  weeks   of  all   students   in   Metallurgy 
and  eight  weeks  of  all  students  in  Mining    (see  C.E.   27S  and  28s' 
Page    77),   during  the    summer   between   the   second   and   third   years' 
Nine  weeks'  continuous  attendance  is  required  of  all  students  in  Civil 
and  Sanitary  Engineering  during  the  summer  between  the  third  and 
fourth    years    (see    C.E.   26S,    26aS,    Astronomy    107   and    CE    71S 
pages  77,  70  and  79).    During  the  summer  of  1914  the  Summer  Courses 
in   Surveying   and   Geodesy  will  be  in   session   about  thirteen  weeks 
Students   are   referred  to   the   special  announcement   of  the   Summer 
Session  at  Camp  Columbia  for  other  details. 

No  student  taking  these  courses  will  be  excused  from  any  part  of 
any  course  on  account  of  work  done  elsewhere,  unless  that  work  has 
been  done  under  the  immediate  direction  of  an  instructor  of  an  institu- 
tion which  grants  degrees  in  Mining  or  Civil  Engineering.  In  some 
exceptional  cases,  however,  credit  will  be  given  upon  the  evidence  of 
field  notes,  maps  and  reports  presented  to  the  professor  in  charge 
of  the  courses. 
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Students  who  fail  to  receive  a  passing  mark  in  C.  E.  2  but  receive 
a  grade  of  D  will  be  allowed  to  take  course  15,  but  must  take  the  regular 
deficiency  examination  in   C.E.  2  in   September. 

The  University  provides  houses  or  tents  having  elevated  floors, 
furnished  with  cots  and  drafting  tables.  There  are  also  provided  a 
dining  hall  and  bath  house.  Arrangements  may  be  made  for  laundry 
work  to  be  done  in  the  neighborhood.  A  supply  of  drafting  materials 
(not  instruments)  is  kept  on  sale.-  Especial  attention  is  given  to  the 
wholesome  and  substantial  character  of  the  table. 

The  cost  of  board  is  about  $6.75  per  week  and  is  charged  against  the 
individual  deposits.  The  account  against  each  student  is  reckoned  from 
the  day  announced  for  his  division  to  assemble.  No  allowances  or 
reductions  are  made  for  absences  of  less  than  one  day.  Due  notice 
must  be  given  to  and  excuse  granted  by  the  officer  in  charge  at  least 
one  day  in  advance  of  the  beginning  of  such  absence. 

Every  student  must  be  present  on  the  day  appointed  for  his  division 
to  assemble,  unless  other  arrangements  have  been  made  with  the  officer 
in  charge.  Failure  to  comply  with  this  regulation  may  be  sufficient 
cause  to  refuse  the  applicant's  admission  to  the  courses. 

For  fees  and  deposits  for  these  courses  see  page  21. 

For   the  session   of   1914  the   school    will  open   May  30  and  close 
August  31.     The  schedule  of  attendance  is  as   follows : 
May      30 — Session  opens  and  students  report  for  courses  C.E.  15S,1 

25S  and  27S.2 
June      30 — Students  report  for  courses  C.E.  26S,  26aS  and  Ast.  107S. 
July         4 — Students  assemble   for  courses  C.E.   15S,  25S  and  27S. 
August    5 — Students  assemble  for  course  C.E.  71S. 
August   8 — Students  assemble  for  course  C.E.  28S. 
August  31 — Session  ends. 

1Open  only  to  students  who  are  deficient  in  this  course,  students  who  will  attend 
the  Summer  Session  in  New  York  or  those  assigned  to  this  division  on  basis  of 
scholarship.     All  other  students  report  July  4. 

2It  will  be  to  the  advantage  of  students  taking  this  course  to  report  on  July  4, 
and  having  finished  the  course,  to  continue  with  course   C.E.  28S. 
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CIVIL  ENGINEER 

FIRST   YEAR 
See  page  30 

SECOND   YEAR 


Sec  Page 


70 
82 
90 
90 
i°5 
106 

109 
120 

no 

II* 


109 

no 


Botany  7 
Drafting  5 

Mathematics  65 
Mech.  Eng.  13 
Mineralogy  5 
Mining  53 

Phys.  Educ.  B 
Physics  5 
Physics  43 
.Shop  Work  15 


First  Half  Year 


Hours  per  week 


Growth  and  Character  of  Timbers 

Graphics 

Calculus 

Steam  Power  Machinery 

Minerals  of  Building  Stones 

Excavation,    Tunneling,     Boring    and 

Shaft-sinking 
Gymnasium 
Electricity 
Physics  Laboratory 
Forging  and  Foundry  Practice 

Total . . 


Class 


Lab* 


Second  Half  Year 


Chemistry  83 
Drafting  6 
Drafting  8 
Elect.  Eng.  3 
Geology  i3 
Mech.  Eng.  14 
Mechanics  102 
Metallurgy  134 
Phys.  Educ.  B 
Physics  44 
Shop  Work  16 


Industrial 

Graphics 

Structural  Drafting 

Electrical  Engineering 

General  Geology 

Steam  Power  Machinery 

Analytical  Mechanics 

Iron  and  Steel 

Gymnasium 

Physics  Laboratory 

Machine-work 


Total., 


♦Saturday  P.M.,  1  afternoon  during  April  and  May-equivalent 

SUMMER  WORK:    Practical  Surveying  Civil  Eng.  25S-S  weeks. 
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THIRD   YEAR 


First  Half  Year                                   Hours  per  week 

See  Page 

Class 

Lab'y 

70 
76 
77 
77 
77 
78 

78 
90 
97 

♦Astronomy  105 
Civil  Eng.  21 
Civil  Eng.  51 
Civil  Eng.  53 
Civil  Eng.  53 
Civil  Eng.  59 

Civil  Eng.  61 
Mech.  Eng.  17 
Mech.  Eng.  77 

Geodesy 

Roads,  Streets  and  Pavements 

Railroad  Surveying 

Resistance  of  Materials 

Resistance  of  Materials  (Testing  Lab.) 

Sanitary    Treatment  of  Water  Supply 

and  Sewage 
Theory  of  Trusses 
Engineering  Thermodynamics 
Standard  Tests 

Total.. 

3 

1 
2 
5 

2 
2 
2 

I 

3 
3 
3 

3 
3 

18 

15 

Second  Half  Year 

70 

77 

77 

78 
78 
83 
83 

90 

97 

Astronomy  106 
Civil  Eng.  52 
Civil  Eng.  54 
Civil  Eng.  58 
Civil  Eng.  62 
Elect.  Eng.  4 
Elect.  Eng.  72 
Mech.  Eng.  18 
Mech.  Eng.  78 

Geodesy 

Railroad  Surveying 

Resistance  of  Materials  (Problems) 

Masonry  Structures 

Graphic  Statics 

Electric  Distribution 

Direct  Current  Laboratory 

Engineering  Thermodynamics 

Kinematics 

Total.. 

I 

3 

3 
2 
2 

2 

3 

3 
3 
3 
3 
3 

3 

17 

18 

cutmmitr  WnRif.   J  Hydrographic  Surveying— Civil  Eng.  26S     I             k 
bUMMER  WORK,   -j  Geodetic                     «          —Astronomy  107S  j  5  weeKl5- 

Railroad  surveying  practice— Civil  Eng.  71S— 4  weeks. 

FOURTH    YEAR 


First  Half  Year 

79 
79 
79 
80 
80 
81 
93 
95 
84 
85 

Civil  Eng.  75 
Civil  Eng.  85 
Civil  Eng.  87 
Civil  Eng.  89 
Civil  Eng.  97 
Civil  Eng.  99 
Elect.  Eng.  5 
Elect.  Eng.  75 
Mech.  Eng.  41 
Mech.  Eng.  63 

Hydraulics 

Foundations 

Bridges,  Roofs  and  Buildings 

Railroad  Engineering 

Water  Supply  and  Irrigation  Eng. 

Thesis 

Alternating  Current  Engineering 

Alternating  Current  Laboratory 

Machine  Design 

Hydraulics  Laboratory 

Total.. 

3 
2 

2 
3 
3 
2 
I 
I 
I 

3 
3 

3 
3 
3 

15 

18 

Second  Half  Year 

79 
80 

80 
81 
85 
89 
93 

Civil  Eng.  88 
Civil  Eng.  90 

Civil  Eng.  g4 

Civil  Eng.  100 
Elect.  Eng.  112 
Law  2 
Mech.  Eng.  46 

Bridges,  Roofs  and  Buildings 

Railroad  Engineering 

j  Design  and  Construction  of  Sewers  1 

1  River  and  Harbor  Improvement       f 

Thesis 

Electric  Railway 

Business  Law 

Hydraulic  Turbines 

Total.. 

2 
3 
2 

3 
2 
2 
3 

3 

3 

3 

3 

17 

12 

*In  1914-15  courses  105  and  106  will  be  combined  into  a  single  course,  given 
during  the  second  term  in  an  abbreviated  form,  Professor  Jacoby  being  absent  on 
leave  during  the  first  term. 
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SANITARY   ENGINEERING 
General  Statement 
The  course   in    Sanitary   Engineering   is    a   differentiation    from    the 
regular  course  in  Civil  Engineering  and  naturally  leads,  therefore    to 
the  same  degree.    The  first  year  is  identical  with  the  first  year  of  other 
engineering  courses,  while  the  second  year  is  almost  identical  with  the 
regular  second-year  work  of   the    course   in    Civil   Engineering      The 
special   extensions    in   sanitary    work  are   developed    in  the   third  and 
fourth  years      The  sanitary  subjects  are  set  forth  so  as  to  cover  in  a 
thorough   and  comprehensive  way  those  special  fields  occupied  by  the 
sanitary    engineer    of    the    present    day.      They    include    the    sanitary 
treatment   of   water  supplies  and   sewage   with   special  work  extended 
both   by  lectures  and  laboratory  work  into   microscopical  biology  and 
bacteriology   standard  laboratory  methods  in  the  sanitary  administra- 
tion of  public  water  supplies,  sanitary  statistics  and  reports,  drainage 
heating  and  ventilation  and  the  general  principles  of  sanitary  science,' 
public  health  and  hygiene.    These  sanitary  specialties  are  of  advanced 
character,   covering  the   latest   investigations  in   such   special   work  as 
daily  bacterial  tests  of  potable  water  for  public  purposes,  the  exter- 
mination of  mosquitoes  and  other  disease-carrying  insects,  the  improve- 
ment of  public  health  conditions  found  in  cities  and  towns,  the  drainage 
and    sanitary   treatment  of   lands   and   the   sanitary  administration   of 
buildings  and  industrial  establishments.     A  graduate,  therefore,  of  this 
course  is  qualified  to  enter  the  practice  of  sanitary  engineering  in  all 
its  special  fields. 

SECOND  YEAR 


See  Page 


70 
73 
82 
90 
90 
105 
109 


First  Half  Year 


Name  of  Course 


Botany  7 
Chemistry  65 
Drafting  5 
Math.  65 
Mech.  Eng.  13 
Mineralogy  5 
Phys.  Educ.  B 
Physics  5 
Physics  43 


Description  of  Course 


Hours  per  week 


Growth  and  Character  of  Timbers 

Quantitative  Analysis 

Graphics 

Calculus 

Steam  Power  Machinery 

Minerals  of  Building  Stones 

Gvmnasium 

Electricity 

Physical  Laboratory 


Total.. 


Lect. 


74 
75 
82 
83 
87 
no 

QO 
IOI 
IO9 


Chemistry  76 
Chemistry  82 
Drafting  8 
Elect.  Eng.  2 
Geology  18 
Mechanics  102 
Mech.  Eng.  14 
Metallurgy  134 
Phys.  Educ.  B 
Physics  44 
Shop  Work  16 


Second  Half  Year 


Lab'y 


Microscopical  Analysis 
Industrial  Chemistry 
Structural  Drafting 
Electrical  Engineering 
General  Geology 
Analytical  Mechanics 
Steam  Power  Machinery 
Iron  and  Steel 
Gymnasium 
Physics  Laboratory 
Bench  and  Machine 


Total 


31 


SUMMER  Work  :    Practical  Surveying  C.E.  253.-5  weeks. 
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First  Half  Year                                     Hours  per  week 

See  Page 

Name  of  Course 

Description  of  Course                   Lect. 

Lab'y 

74 
76 
72 
77 
77 
77 
78 

78 

Chemistry  41 
Chemistry  79 
Civil  Eng.  21 
Civil  Eng.  51 
Civil  Eng.  53 
Civil  Eng.  53 
Civil  Eng.  59 

Civil  Eng.  61 

Organic  Chemistry 
Sanitary  Bacteriological  Analysis 
Roads,  Streets,  and  Pavements 
Railroad  Surveying 
Resistance  of  Materials 
Resistance  of  Materials  Testing 
Sanitary  Treatment  of  Water  Sup- 
ply and  Sewage 
Theory  of  Trusses 

Total.. 

2 

2 
1 
2 
5 

2 
2 

6 

3 
3 

3 

3 

16 

18 

Second  Half  Year 

74 
77 
77 
78 
78 
83 
83 
97 

Chemistry  78 
Civil  Eng.  52 
Civil  Eng.  54 
Civil  Eng.  58 
Civil  Eng.  62 
Elect.  Eng.  4 
Elect.  Eng.  72 
Mech.  Eng.  78 

Sanitary  Biological  Analysis 
Railroad  Surveying 
Resistance  of  Materials 
Masonry  Structures 
Graphic  Statics 
Electric  Distribution 
Direct  Current  Laboratory 
Kinematics 

Total.. 

2 

3 

3 
2 
2 
1 

3 

3 
3 
3 
3 
3 

3 

16 

18 

Summer  Work  :    Hydrographic  Surveying,  C.  E.  26S  and  Limnology  C.  E. 
26  a  S— 5  weeks.     Railroad  Surveying  Practice,  C.  E.  71S— 4  weeks. 

FOURTH  YEAR 


First  Half  Year 

74 

Chemistry  179 

Analysis  of  "Water  and  Sewage 

, 

6 

78 

Civil  Eng.  57a 

Sanitary  Statistics  and  Reports     1 

78 

Civil  Eng.  57b 

Drainage  of  Marshes  and                  Y 
Lowlands 

2 

79 

Civil  Eng.  75 

Hydraulics 

3 

79 

Civil  Eng.  85 

Foundations 

2 

79 

Civil  Eng.  87 

Bridges,  Roofs  and  Buildings 

2 

3 

80 

Civil  Eng.  89 

Railroad  Engineering 

3 

3 

80 

Civil  Eng.  97 

Water  Supply  and  Irrigation  Eng. 

3 

9° 

Mech.  Eng.  17 

Engineering  Thermodynamics 

2 

95 

Mech.  Eng.  63 

Hydraulics  Laboratory 

Total . . 

3 

18 

15 

Second  Half  Year 

74 

Chemistry  180,  or  I 
Civil  Eng.  90           ) 

Sanitary  Analysis 

1 

6  ) 

80 

Railroad  Engineering 

3 

3! 

80 

Civil  Eng.  94 

Sewers,  and  River  and  Harbor  Imp. 

2 

80 

Civil  Eng.  96 

Principles  of  Hygiene,  Sanitary 
Science  and  Public  Health 

3 

81 

Civil  Eng.  100 

Thesis 

6 

84 

Elect.  Eng.  76 

Alternating  Current  Laboratory 

1 

3 

89 

La  w  2 

Business  Law 

2 

Mech.  Eng.  82 

Heating  and  Ventilation 

2 

97 

Mech.  Eng.  76 

Standard  Tests 

Total.. 

1 

3 

15 

1501-18 
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ELECTRICAL    ENGINEERING 

General    Statement 

The  prescribed  course  leading  to  the  degree  of  Electrical  Engineer 
requires  four  years  for  its  completion,  and  is  designed  for  the  education 
of  those  who  intend  to  practice  the  profession  of  Electrical  Engineering 
either  as  engineers,  managers,  experts  in  industrial  enterprises  or  as 
teachers  in  colleges  or  technical  schools. 

The  instruction  comprises  the  important  branches  of  theoretical  and 
applied  electricity,  also  the  fundamental  and  collateral  subjects,  which 
have  been  found  by  experience  to  be  required  by  the  electrical  engineer 
as,  for  example,  mathematics,  physics,  chemistry,  drawing,  mechanical 
engineering,  including  boilers,  gas  producers,  engines,  turbines,  hydrau- 
lic developments,  transmission  devices  and  shop  work,  also  such  gen- 
eral engineering  subjects  as  construction  in  wood,  masonry  iron 
and  steel. 

The  graduate  in  Electrical  Engineering  is  accordingly  provided  not 
only  with  a  thorough  knowledge  of  the  principles  and  applications  of 
electricity,  but  also  with  such  a  broad  and  liberal  education  in  th- 
allied  sciences  as  will  prepare  him  for  the  demands  likely  to  be  made 
upon  him  in  connection  with  the  practice  of  his  profession 

The  instruction  is  by  lectures  and  recitations  as  well  as  by  laboratory 
work-shop  and  drawing-room  practice,  with  periodic  visits  to  the 
numerous  and  important  electrical  factories,  power  stations  and  other 
establishments  in  and  about  New  York  City. 

Equipment 

The  offices  laboratories,  museums  and  lecture  rooms  of  the  Electrical 
Engineering  Department  are  in  the  southern  portion  of  the  Engineering 
Building.  The  laboratories  located  in  the  basement  contain  direct  and 
alternating  current  machinery  and  apparatus.  The  smaller  machines 
are  mounted  upon  heavy  tables,  thus  raising  them  to  a  convenient 
height  and  affording  space  for  instruments  and  note-books.  To  further 
simplify  the  work,  the  machines  have  been  assembled  into  unit  sets  a 
motor  being  provided  for  each  generator,  so  that  the  experimental 
work  of  one  squad  of  students  is  entirely  independent  of  that  of  other 
squads. 

The  direct  current  laboratory  contains  constant  potential  and  con- 
stant current  generators,  motor-dynamos,  as  well  as  various  types  of 
stationary  and  railway  motors,  aggregating  forty  machines  rangin-  in 
capacity  from  i  to  35  kilowatts  and  of  standard  voltages  from  115  to 


ELECTRICAL  ENGINEERING  53 

550.  Two  10  and  two  5  k.w.  generator  sets  with  complete  switchboards, 
carrying  many  measuring  instruments  enable  various  experiments  to  be 
performed  by  the  students  on  the  parallel  operation  of  generators. 
The  constant  current  equipment  includes  a  dynamo,  standard  switch- 
board and  series  lamp  circuits.  A  working  standardization  equipment 
for  the  calibration  of  all  measuring  instruments  is  installed  in  this 
laboratory,  and  prior  to  any  tests  the  students  are  required  to  check  their 
various  instruments.  About  eighty  electrical  measuring  instruments 
are  employed  in  this  laboratory,  comprising  ammeters  and  voltmeters 
with  various  scale  ranges,  also  speed  indicators,  transmission  and 
absorption  dynamometers.  This  laboratory  is  provided  with  a  set  of 
machine  and  hand  tools  employed  in  the  repair  of  the  various  pieces 
of  apparatus. 

The  alternating  current  apparatus,  located  in  the  adjoining  room, 
comprises  one  single-phase  alternator  of  10  k.w.  capacity  and  two  three- 
phase  alternators  of  10  and  45  k.w.  capacity,  respectively;  two  10  kilo- 
watt synchronous  motors  and  rotary  converters  operative  on  single- 
phase  or  two-phase  circuits ;  two  single-phase  and  four  polyphase  induc- 
tion motors  varying  in  capacity  from  1  to  10  horse-power*  constant  poten- 
tial transformers  of  various  capacities ;  phase  transformers  for  converting 
two-phase  to  three-phase  currents  and  vice  versa;  2l  constant  current 
transformer  equipment  of  5  kilowatts  capacity  with  its  control  board, 
circuits  and  lamps ;  an  induction  regulator  of  5  kilowatts  and  a  mercury 
arc  rectifier  of  the  same  capacity.  Each  of  the  various  alternators  is 
provided  with  its  own  driving  motor,  so  that  the  speed,  voltage  and  fre- 
quency may  be  altered  as  desired.  This  laboratory  equipment  includes  a 
complete  switchboard  for  the  operation,  control,  and  testing  of  the 
rotary  converters  used  as  such  or  as  alternators  ;  also  a  special  polyphase 
circuit  measuring  board  and  about  fifty  instruments  for  the  measure- 
ment of  alternating  voltage,  current  and  power.  The  alternating 
current  ammeters  and  voltmeters  are  of  various  capacities,  ranging 
from  fractional  values  up  to  2,000  amperes  and  600  volt-  respect- 
ively, also  wattmeters  up  to  1,200  kilowatts  range.  The  instru- 
ment equipment  further  includes  several  frequency  indicators,  syn- 
chronizers and  power  factor  meters  as  well  as  a  complete  oscillo- 
graph and  an  ondograph  for  the  determination  of  wave  forms,  phase 
relations,  etc. 

The  lecture  rooms  are  provided  with  direct-current,  single-phase  and 
polyphase  electrical  circuits  and  projection  lanterns  so  that  the  lectures 
may  be  accompanied  by  experimental  demonstrations  and  illustrations. 
The  museum  contains  many  pieces  of  apparatus  and  parts  of  machines 
used  in  connection  with  the  lectures,  such  as  specimens  of  pole  line 
insulators,  conduit  material,  rail  sections,  rail  bonds,  insulated  cables 
and  materials  employed  in  transmission  line  and  electric  railway  con- 
struction.    Also   various   pieces  of  apparatus  employed  in  telegraphy 
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and  telephony;  forms  of  storage  battery  plates,  samples  of  products 
obtained  by  electro-chemical  actions,  elementary  electrical  apparatus 
etc;  p,eces  of  electrical  machinery,  such  as  armature  laminations,  field 
and  armature  coils,  commutator  sections,  brush  holders,  brushes  in- 
sulating materials;  small  models  of  various  types  of  generators' and 
motors;  numerous  forms  of  incandescent  and  arc  lamps,  lamp  mech- 
anisms, carbons  and  electrodes;  lightning  arresters,  line  protecting 
devices  and  measuring  instruments. 

On  the  third  floor  of  the  building  are  located  the  large  instrument 
laboratory     the    departmental    drawing-room    and    the    studies   of   the 
officers.     The  laboratory  contains  tables  upon  which  the  various  instru- 
ments are  permanently   set   up,   ready   for  use.     These   include  many 
different    forms    of  galvanometers,   three   ampere    balances    with   scale 
ranges   from  .01   to  600  amperes,    two   dynamometers   with   ranges  of 
1    to   200   amperes   respectively,    a    Standard   Weston   laboratory   volt- 
meter having  a  range  from  .01  to  750  volts  and  a  Standard  Weston 
laboratory    millivoltmeter    with    a    set    of    shunts    reading    up    to    500 
amperes,   Westinghouse  precision   watt  and  voltmeters   and  two  very 
accurate  potentiometers.     The  equipment  further  comprises   apparatus 
for   the    exact    measurement    of    resistance,    inductance,    permeability 
hysteresis,    and    magnetic   leakage.     This    laboratory    is   supplied   with 
electrical  energy  from  special  sources,  so  that  fluctuations  do  not  came 
uncertainty  in  the  various  measurements.     For  the  direct  current  work 
special  storage  batteries  supply  potentials  up  to  250  volts  and  others  have 
current  capacity  of  1,000  ampere-hours.    For  tests  requiring  small  values 
of  alternating  currents  a  special  alternator  is  operated.    This  laboratory 
also  contains  high  tension  testing  apparatus,  consisting  of  two  50000 
volt    transformers    of   5    and    10    kilowatts    capacity    respectively,    two 
10,000  volt  transformers  of  5  and   10  kilowatts  respectively,  and  one 
5,000    volt    transformer    of    5    kilowatt    output.      These    transformers 
are    supplied    with    necessary    protective    and    measuring   devices    and 
all    are    designed    for    operation    on    60    cycle    circuits.      This    instru- 
ment laboratory  is  also  equipped  with  several  forms  of  standard  inte- 
grating and  recording  watt-hour  meters  employed  in  connection   with 
the    standardization    of    consumers'    electric    meters    for    the    Depart- 
York   °f    WatCr    SUPPly'    GaS'    and    EIectricity    of   the   City   of    New 
The  Photometric  Testing  Laboratory  of  this  Department  is  equipped 
with  a  stationary  type  Lummer-Brodhun  screen  photometer  for  incan- 
descent lamp  testing,  a  Bunsen  screen  photometer  with  a  meter  prover 
for  gas  light  testing,  a  Sharpe-Millar  and  a  Weber  photometer,  which 
are  adaptable  to  arc  lamp  testing  or  for  the  determination  of  general 
illumination,  also  a  mirror  photometer,  to  be  used  in  the  determination 
of  the  intensity  of  illumination  of  large  luminous  sources. 
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ELECTRICAL  ENGINEER 

The  objects  for  which  the  regular  four  years'  course  in  Electrical 
Engineering  is  designed  and  the  education  which  it  is  intended  to  give 
are  fully  set  forth  in  the  "General  Statement"  of  the  Electrical  Engi- 
neering Department. 

The  actual  curriculum,  including  the  various  requirements  which  must 
be  fulfilled  in  order  to  obtain  the  E.  E.  degree,  are  given  in  the  fol- 
lowing list  of  studies  for  each  year,  the  character  of  each  subject  or 
requirement  being  explained  more  fully  in  the  Departmental  Statement 
referred  to.  The  first  two  years  of  the  course  are  devoted  to  the  funda- 
mental subjects,  including  mathematics,  physics,  chemistry,  mechanics, 
drawing  and  certain  electrical  and  mechanical  engineering  subjects  which 
are  elementary  or  introductory  in  character. 

These  fundamental  and  introductory  subjects  are  intended  to  lay  a 
broad  and  substantial  foundation  upon  which  the  more  specialized  pro- 
fessional instruction  of  the  third  and  fourth  years  is  based  Even  in 
these  later  years  theoretical  subjects,  such  as  thermodynamics  and 
electro-mechanics,  are  included  and  given  most  careful  attention 


SECOND  YEAR 


See  Page 


73 

82 

90 

90 

109 

no 

no 

no 


75 

82 

82 

83 

90 

no 

101 

109 


Chemistry  65 
Drafting  5 
Mathematics  65 
Mech.  Eng.  13 
Phys.  Educ.  B 
Physics  5 
Physics  43 
Physics  55 
Shop  Work  13 


Chemistry  82 
Drafting  6 
Drafting  8 
Elect.  Eng.  2 
Mech.  Eng.  14 
Mechanics  102 
Metallurgy  134 
Phys.  Educ.  B 
Physics  44 
Shop  Work  14 


First  Half  Year 


Quantitative  Analysis 

Graphics 

Calculus 

Steam  Power  Machinery 

Gymnasium 

Electricity 

Physical  Laboratory 

Physical  Measurements 

Machine  Work 


Second  Half  Year 


Hours  per  week 


Class 


Total. 


Industrial  Chemistry 

Graphics 

Structural  and  Machine  Drawing 

Elements  of  Dynamo  Electric  Mach'y 

Steam  Power  Machinery 

Analytical  Mechanics 

Metallurgy  of  Iron  and  Steel 

Gymnasium 

Physical  Laboratory 

Machine  Work 

Total.. 


Summer  memoir. 
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First  Half  Year 

Hours  per  week 

See  Page 

Class 

Lab'y 

77 

Civil  Eng.  53 

Resistance  of  Materials 

5 

3 
3 

77 

Civil  Eng.  53 

Resistance  of  Materials  (Testing  Lab.) 

79 

Civil  Eng.  77 

Hydraulics 

2 

84 

Elect.  Ensr.  101 

Generator  and  Motor  Practice 

3 

86 

Elect.  Eng.  173 

Direct  Current  Laboratory 

6 

90 

Mech.  Eng.  17 

Engineering  Thermodynamics 

2 

93 

Mech.  Eng.  41 

Machine  Design 

1 

3 

110 

Mechanics  105 

Thermodynamics 

2 

in 

Mechanics  107 

Theory  of  Electricity  and  Magnetism 
Total.. 

2 

17 

15 

Second  Half  Year 

82 

Economics  2 

Economics 

3 

83 

Elect.  Eng.  52 

Design  of  Direct  Current  Machinery 

2 

3 

85 

Elect.  Eng.  104 

Electrical  Distribution 

3 

86 

Elect.  Eng.  174 

Direct  Current  Laboratory 

1 

6 

90 

Mech.  Ens?.  18 

Engineering  Thermodynamics 

2 

92 

Mech.  Eng.  36 

Kinematics  of  Machinery 

6 

97 

Mech.  Eng.  76 

Standard  Tests 

1 

3 

in 

Mechanics  108 

Theory  of  Electricity  and  Magnetism 
Total.. 

3 

15 

18 

Summer  memoir. 

FOURTH  YEAR 


First  Half  Year 

76 

Chemistry  183 

Electrochemistry 

2 

3 

84 

Elect.  Eng.  103 

Electric  Motors 

3 

85 

Elect.  Eng.  105 

Alternating  Current  Engineering 

3 

85 

Elect.  Eng.  109 

Telegraphy 

1 

86 

Elect.  Eng.  175 

Alternating  Current  Lab. 

1 

6 

86 

Elect.  Eng.  177 

Instrument  Laboratory 

1 

6 

94 

Mech.  Eng.  53 

Steam  Turbines 

2 

97 

Mech.  Eng.  77 

Standard  Tests 

1 

3 

in 

Mechanics  109 

Theory  of  Alternating  Current   Ma- 
chines 

Total.. 

4 

18 

18 

Second  Half  Year 

83 

Elect.  Eng.  54 

Design  of  Alt.  Current  Machinery 

2 

3 

84 

Elect.  Eng.  98 

Graduation  Thesis  (Optional) 

85 

Elect.  Eng.  106 

Electric  Plants 

2 

85 

Elect.  Eng.  108 

Plant  Inspection 

1 

3 

85 

Elect.  Eng.  no 

Telephone 

1 

85 

Elect.  Eng.  112 

Electric  Railways 

2 

86 

Elect.  Eng.  176 

Alternating  Current  Laboratory 

1 

6 

95 

Mech.  Eng.  56 

Hydraulic  Turbines  Installations 

1 

95 

Mech.  Eng.  60 

Hydraulic  Laboratory 

3 

96 

Mech.  Ens?.  72 

Gas  Power  Machinery 

2 

3 

in 

Mechanics  no 

Theory  of  Electrical  CircuiLs 

3 

'" 

Physics  52 

Conduction  of  Electricity  in  Gases 

Total . . 

16 

18 
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MECHANICAL   ENGINEERING 

General    Statement 

The  regular  four-year  course,  leading  to  the  degree  of  Mechanical 
Engineer,  offers  a  thorough  basic  training  in  the  design,  construction, 
manufacture  and  operation  of  all  classes  of  standard  and  special  ma- 
chinery, and  their  economic  application  to  railroads,  ships,  mills,  shops 
factories  and  power  plants,  as  well  as  in  the  technical  and  executive 
management  of  the  manufacturing  and  transportation  industries  To 
this  end  the  course  of  instruction  is  as  broad  as  is  consistent  with 
the  directness  of  its  purpose.  The  Mechanical  Engineer  must  not  only 
be  grounded  in  the  fundamental  scientific  basis  of  his  profession,  and 
so  trained  as  to  be  capable  of  applying  this  to  both  the  technical  and 
commercial  aspects  of  industrial  problems,  but  his  immediate  useful- 
ness upon  graduation  demands  that  a  considerable  portion  of  the  in- 
struction be  concerned  with  the  practical  application  of  the  principles 
taught.  * 

The  course  begins  with  a  thorough  training  in  mathematics,  physics 
and   chemistry    as    a    foundation    for   the   appropriate    technical    work 
which  is  developed  along  several  parallel  lines.     Applications  of  these 
fundamental  sciences  to  the  physical  properties  of  the  materials  of  con- 
struction, especially  the  metals  and  their  practical  manipulation,  lead 
through  the  courses  in  metallurgy,  mechanics,  resistance  of  materials 
shop  processes,  the  materials  testing  laboratory,  drafting  and  kinematics 
to  the  principles  of  design,  which  are  fixed  by  application  to  the  design 
of  machinery  for  the  execution  of  any  sort  of  process  in  which  ma- 
chinery  is    either   absolutely    essential  or    more   economical    than   cor- 
responding hand  execution  of  the  same  process.     The  principles  under- 
lying the  performance  of  machinery  are  developed  by  courses  in  ther- 
modynamics,  mechanics   and   hydraulics   with   experimental   laboratory 
demonstration  and  are  fixed  by  analysis  of  machinery  for  steam,  gas 
and    water    power,    pumping,    compressing,    refrigerating,    mechanical 
handling  of  materials  and  their  most  important  applications.     The  in- 
struction in  the  performance,  design  and  manufacture  of  machines  and 
power  units  in  the  class-room  and  laboratory,  supplemented  by  visits  to 
power  plants  and  factories,  is  the  basis  of  the  work  on  the  design  of 
plants  and  mills. 

Throughout  the  instruction  the  student  is  thrown  as  much  as  pos- 
sible on  his  own  resources,  encouraged  to  use  such  knowledge  as  he 
possesses,  to  read  standard  authorities  and  to  make  comparisons  be- 
tween the  existing  data  on  various  subjects  and  with  the  results  of 
theoretical  computations.  In  the  experimental  work  special  stress  is 
laid  upon  this  as  a  means  for  the  development  of  that  initiative,  execu- 
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tive  ability  and  spirit  of  investigation  so  necessary  for  the  successful 
practice  of  the  profession,  which  is  one  long  series  of  new  problems 
demanding  solution.  The  commercial  and  industrial  phases  of  the 
technical  subjects  are  dwelt  upon  throughout  the  entire  course  of  in- 
struction, and  particular  attention  is  given  to  labor  and  cost  systems, 
works  management,  economy  of  manufacture  and  of  power  genera- 
tion, economics  and  industrial  law. 

To  insure  a  close  contact  between  the  work  of  the  department  and 
the  practice  of  the  profession,  recognized  experts  are  invited  to 
give  lectures  on  their  particular  subjects,  the  regular  officers  of  the 
department  attending  and  subsequently  holding  recitations  and  exam- 
inations. 

For  a  list  of  special  lecturers  and  their  subjects  see  pages  9-12. 

In  addition  to  these  regular  lecturers,  a  list  of  non-resident  lecturers, 
who  deliver  one  or  more  lectures  to  the  students  on  the  work  in  their 
respective   engineering   fields   will  be  found   on  pages  9-12. 

The  overlapping  of  the  Mechanical  Engineering  and  Electrical  Engi- 
neering professions  makes  it  desirable  that  the  Mechanical  Engineer 
shall  be  thoroughly  conversant  with  the  ordinary  problems  of  the  Elec- 
trical Engineer  in  the  generation  and  distribution  of  electric  current, 
the  characteristics  of  electrical  machinery,  and  the  design  and  instal- 
lation of  electrical  plants.  To  this  end  students  in  this  course  receive 
instruction  in  the  department  of  Electrical  Engineering  covering  these 
subjects. 

Graduate  work  in  Mechanical  Engineering  is  offered  to  students  who 
have  successfully  completed  the  undergraduate  course.  This  graduate 
work  includes  the  more  difficult  applications  of  mechanics  and  thermo- 
dynamics to  questions  of  engineering,  as  well  as  special  investigations 
in  design,  experimental  research,  and  the  development  of  new  processes 
of  manufacture.  Courses  are  also  offered  to  students  in  other  depart- 
ments covering  such  instruction  in  Mechanical  Engineering  as  may 
properly  assist  in  the  practice  of  their  respective  professions. 


Equipment 

Besides  the  usual  offices,  lecture  rooms,  drawing  rooms  and  museum, 
the  department  is  unusually  well  equipped  with  experimental  laboratory 
facilities.  These  laboratories  cover  a  floor  space  of  some  18,500  sq.  ft. 
and  contain  apparatus  valued  roughly  at  $75,000.  A  fairly  full  line 
of  instruments  for  making  simple  measurements  is  always  available  for 
regular  student  work,  and  includes  thermometers,  pyrometers,  barom- 
eters, simple  and  differential  manometers,  draft  gauges,  speed  counters, 
tachometers,  angular  velocity  meters,  planimeters,  Pitot  tubes,  water 
meters  of  piston,  rotary  and  Venturi  type,  hook  gauges,  steam  and  gas 
meters,  steam,  gas,  coal  and  oil  calorimeters,  flue  gas  analysis  apparatus, 
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braW-^n^'^f '^  rd„meaSUring'  trans"»«i°n  dynamometers,  Prony 
braces,  md.cators  of  all  types,  pressure  and  vacuum  gauges  anemo 
meters,  mercury  columns,  and  calibrating  apparatus  for  all  LtVuTents 
Bes.de,  these  measur.ng  devices  there  is  a  large  number  of  pie"!  of 
special  apparatus  for  various  purposes,  such  as  the  testing  of  carburetors 
pressures  due  to  explosion  of  gas  mixtures,  rate  of  flame  propagat  on   " 

ueTs  ;ssnof  heeaSdP'"eSSl;re  ^  *"«"«  <*  vaporization  of  Z  d 
fuels,  loss  of  head  ,n  steam,  air  and  water  pipes,  condensation  of 
steam  ,n  pipes,  flow  of  steam  or  water  through  or  fi  e  and  urbine 
nozzles,  capacity  of  steam  traps,  flash,  chill.^density,  vi  cosi ty  and 
carbon.zat.on  of  oils,  friction  of  bearings,  losses  in  powe "rails 
mission  These  various  instruments  and  pieces  of  apparatu  are 
grouped  and  used  in  connection  with  a  considerable  nun  ber  of 
machmes  of  standard  form.    They  include  a  standard  gauge  Vauc.ain 

reheating  recovers  and  may  be  operated  with  line  t.eain  or  h  gh  or 
sure  steam  from  the  locomotive  boiler.  The  Corliss  engine  is  to 
den,  connected  to  three  air  cylinders,  equipped  with  Gute 1  h  flan 
valves,  operating  three-stage  with  water  intercoolers.  A  cro  Tompound 
steam,  wastage  air  compressor  of  the  Ingersoll-Sargent  type  ope-a.es 
m  parallel  with  the  other  air  compressor  and  with  a  Westinglous'e  s.m 
Pie  air  pump  with  complete  air  brake  equipment.  There  is  also  a  belt 
and  a  steam  driven  fan  for  fan  investigations,  together  wth  belt  and 

%zce:^  *tteprpBes::4crrding  in—ti— 

there  are  also  a  Mcintosh  Jte^.£^7^— £ 
hue  simple  eng,„e  besides  some  smaller  reciprocating  un  ts  ™d  a 
De  Laval  steam  turbine,  all  piped  to  condensers  for  efficiency  test"  on 

steam  wet,  dry  or  superheated  by  a  Foster  superheater  separate  y  fired 

of    h    r™  7        "  I "  enginCS  a"d  P"mpS  is  m^"d  by  any  on ' 
of  three  surface  condensers,  Wheeler,  Worthington,  Allis    each   with 
its  own  am  aud  circulating  pumps.    The  steam  equipment    ncludes  also 
typical  mjectors,  steam  traps,  feed  water  heaters,  separators   reduct* 
valves,  safety  valves,  back  pressure  valves  and  othe    or , arv st  am 
auxu.ar.es  and  specialties.     The  hydraulic  work  is  well  p  oWded for 
by  two  large  20,ooo-lb.  measuring  tanks,   fitted  with  swinging  guMe 
b  ckets  for  continuous  flow  measurements,  receiving  the  disdtarge     cm 
all  the  hydraulic  apparatus;  rectangular  and  trapezoidal  weirs   fitted  to 
several  weir   tanks,   of  iron   and    wood,    three   impulse  water   wheels 
one  small  turbine,  one  hydraulic  ran,,  simple,  single  and  duplex  stem 
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pumps,  direct  acting  and  flywheel,  single  acting,  direct  acting  triple 
expansion  duplex,  low  pressure  Worthington  pump  of  large  capacity 
and  low  head,  separately  steam  driven  centrifugal  Lawrence  pump, 
belt  driven  centrifugal  pump,  a  high  pressure  pump  and  accumulator 
of  the  Worthington  type  for  1500  lbs.,  and  a  second  for  5000  lbs.  pres- 
sure. Several  internal  combustion  engines,  including  the  Nash,  fitted  to 
operate  on  various  fuels,  a  Hornsby-Akroyd  and  a  Mietz  and  Weiss  oil 
engine,  an  Otto,  an  International  Harvester,  a  boat  engine  are  equipped 
for  gas  engine  test  and  investigation  work  of  great  variety.  From  time 
to  time  other  machines  are  secured  for  short  periods  of  time  for  testing 
purposes.  For  the  study  of  refrigeration  there  is  installed  a  small 
Brunswick  ammonia  compression  ice-making  and  refrigerating  unit, 
motor  driven,  and  a  larger  De  La  Vergne  steam-driven,  ice-making 
plant. 
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listed  inetlf"&tS  •leadi"15  t0  the,deSree  of  Mechanical  Engineer  are 
hey  a re  rivj Their  rl^"  "JF"  thVear  and  ^  in  whS 

mechanics  and  drawing  which  are  co-ordinated   with  k  nematics    ele 

fourth  year  is  devoted  to  a  detailed  treatment  of  gas  and  skam  endn 
design,  standard  water  turbine  characteristics  and  The  «sentianelatfon^ 
between  units  constituting  power  plants  and  factorie Special  a    en 

n  ?nd  hfre1P1aid  t0  the  ec.ono™«  of  mechanical  engineering  by  courses' 
in  industrial  law,  economics  and  works  management      Throughout th\ 

tionlndfis^ies.  "  "*  »»*»«*  of  the  manufacturing  an^rtsporS 
SECOND   YEAR 


-fir'™/1  //a//  Year 


See  Page 


82 

QO 
90 
Q2 

94 
109 


Drafting  7 
Mathematics  65 
Mech.  Eng.  n 
Mech.  Eng.  35 
Mech.  Eng.  59 
Phys.  Educ.  B 
Physics  5 
Physics  43 
bhopwork  1 


Hours  per  week 


Structural  Drafting 

Calculus 

Steam  Power  Machinery 

Kinematics 

Empiric  Design 

Gymnasium 

Electricity 

Physical  Laboratory 

Pattern  Making 


Total. 


Class 

Lab'y 



3 

5 

3 

3 

2 

3 

2 

5 

3 

6 

j 



1      15      1 

20 

Second  Half  Yeat 


75 

«3 

90 

92 

no 

ior 

109 

no 

112 


Chemistry  82 
Elect.  Eng.  2 
Mech.  Eng.  12 
Mech.  Eng.  36 
Mechanics  102 
Metallurgy  i34 
Phys.  Educ.  B 
Physics  44 
Shopwork  2 
Shopwork  12 


Industrial  Chemistry 

Elements  of  Electrical  Engineering: 

Steam  Power  Machinery 

kinematics 

Analytical  Mechanics 

Iron  and  Steel 

Gymnasium 

Physical  Laboratory 

Moulding  and  Foundry  Practice 

if  orging 


Summer  Work  :    Shop  Work  10s 

ents,  with  report.     A  to       of  9  weeks 


Total. 


ft  SffaSsF5  k£ftr»2ZEi£a  "™ 
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THIRD    YEAR 


First  Half  Year 

Hours  per  week 

See  Pag« 

Class 

Lab'y  Hi 
Diaft'g. 

77 
83 

Civil  Eng.  53 

Resistance  of  Materials 

5 

3 

Elect.  Eng.  73 

Direct  Current  Laboratory- 

3 

84 

Elect.  Eng.  101 

Dynamo  and  Motor  Practice 

2 

Mech.  Eng.  17 

Engineering  Thermodynamics 

2 

Mech.  Eng.  31 

Standard  Tests 

1 

3 

93 

Mech.  Eng.  39 

Machine  Design 

3 

3 

Mechanics  105 

Thermodynamics 

2 

112 

Shopwork  11 

Machine  Shop 

Total.. 

15 

18 

Second  Half  Year 

77 

Civil  Eng.  54 

Resistance  of  Materials  (Testing  Lab.) 

3 

Civil  Eng.  78 

Hydraulics 

2 

85 

Elect.  Eng.  104 

Electric  Distribution 

3 

Mech.  Eng.  18 

Engineering  Thermodynamics 

2 

Mech.  Eng.  32 

Standard  Tests 

I 

3 

93 

Mech.  Eng.  40 

Machine  Design 

9 

94 

Mech.  Eng.  54 

Shop  Processes 

2 

96 

Mech.  Eng.  64, 

Air  Machinery 
Elevators  and  Conveyors 

2 

96 

Mech.  Eng.  66, 

I 

96 

Mech.  Eng.  70, 

Pumping  Machinery 

2 

Mech.  Eng.  60 

(Hydraulic  Laboratory                             1 
j  Metallographic  Laboratory                  S 

Total.. 

j 

3 

102 

Metallurgy  156 

16 

18 

Sum  me 

*WORK:  Mech.  Eng 

.  96s.  6  weeks  practical  work  in  power  plant,  vvitl 

report 

FOURTH    YEAR 


First  Half  Year 

84 
85 
91 
91 
91 
92 
93 

Elect.  Eng.  103 
Elect.  Eng.  105 
Mech.  Eng.  19 
Mech.  Eng.  21 
Mech.  Eng.  25 
Mech.  Eng.  33 
Mech.  Eng.  45 

Electric  Power 
Electrical  Distribution 
Engine  Design 
Gas  Power 
Steam  Power 
Standard  Tests 
Hydraulic  Turbines 

Total.. 

2 
2 
3 
4 
2 
2 

3 

6 
3 
3 
3 

18 

15 

Second  Half  Year 

82 
84 
89 
91 
91 
94 
94 

Economics  2 
Elect.  Eng.  76 
Law  2 

Mech.  Eng.  20 
Mech.  Eng.  26 
Mech.  Eng.  50 
Mech.  Eng.  52 

Economics 

Alternating  Current  Laboratory 

Business  Law 

Engine  Design 

Steam  Power 

Steam  Turbines 

Organization  and  Management 

Total.. 

3 
1 
2 
3 
2 
3 
3 

3 

6 
6 

17 

15 
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CHEMISTRY 
General    Statement 

Equipment 

i.«  in  ,.,,„„„  or ;,::;!,'"  ,t"','"*  "*■""  •*  «■*■■  —*• 
p.™,",*;;  s„™«",  .rrrr-  *"  '•'"  ""•*"  •»  ■• 

^rs~r  s*  ■— '  "~v  ™tot  s  -"'  "'«•  *•"»»' 
.»^>S:'c  i:,";iT,;°i  Sr*1  ""■•"•'  ™j  o">™«  °-»» 
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a  textile  and  paper  laboratory  containing  a  calico  printing  machine, 
paper  making  machinery,  etc.,  and  the  regular  equipment  for  practical 
research.  Connected  with  it  is  a  photometer-room  containing  a  new 
and  complete  outfit  for  the  practical  testing  of  illuminants. 

A  new  Laboratory  for  Applied  Electrochemistry  has  been  provided. 
The  equipment  consists  of  special  motor-dynamos,  one  of  which  fur- 
nishes direct  current  at  low  voltages  to  the  students'  desks  for  general 
electrolytic  work;  the  other  provides  heavy  alternating  current  to  the 
electric  furnace  room;  this  room  is  furnished  with  all  appliances  for 
electric  furnace  work.  The  students'  desks  are  fitted  with  special 
switchboards  and  measuring  instruments,  and  the  laboratory  has  been 
arranged  for  carrying  on  research  work  in  all  branches  of  electro- 
chemistry. 

The  Laboratory  of  Physical  Chemistry  is  well  equipped  with  the 
most  recent  apparatus  adapted  to  a  wide  range  of  experimental  work 
in  the  branches  of  heat,  light,  and  electricity  as  applied  to  chemical 
problems. 

The  Chemical  Library  in  Havemeyer  Hall  is  supplied  with  an  ex- 
tensive collection  of  chemical  books  and  journals,  and  is  open  from 
9.00  a.m.  to  5.00  p.m.,  and  during  the  session  of  the  University  from 
8.00  to  11.00  P.M. 
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The  course  in  chemical  engineering,  as  will  be  seen,  is  designed 
to  educate  chemists  with  a  sufficient  amount  of  engineering  to  fit  them 
to  take  charge  of  chemical  industries  which  depend  upon  the  application 
of  engineering  methods  and  appliances  to  the  manufacture  of  chemical 
products.  This  requires  a  knowledge  of  mechanical  engineering  elec- 
trical engineering,  hydraulics,  mechanical  drawing,  shopwork  etc  as 
well  as  a  thorough  knowledge  of  chemistry  in  all  its  branches 


SECOND  YEAR 


See  Pagi 


72 
75 
73 
90 
105 
no 


72 
75 
73 
83 
Ho 
105 


Chemistry  41 
Chemistry  81 
Chemistry  163 
Mathematics  65 
Mineralogy  15 
Physics  5 
Physics  43 
Phys.  Educ.  B 


Chemistry  42 
Chemistry  82 

Chemistry  164 
Elect.  Eng.  2 
Mechanics  102 
Mineralogy  16 
Physics  44 
Phys.  Educ.  B 


First  Half  Year 


Organic  Chemistry 

Industrial  Chemistry 

Quantitative  Analysis 

Calculus 

Determinative  Mineralogy 

Electricity 

Physical  Laboratory 

Gymnasium 


Second  Half  Year 


Organic  Chemistry 
Industrial  Chemistry 
Quantitative  Analysis 
Elements  of  the  Dynamo 
Analytical  Mechanics 
Determinative  Mineralogy 
Physical  Laboratory 
Gymnasium 


Hours  per  week 


Total..       18 


Class       Lab 


Total. 


15 


SUMMER  WORK  :   Chemistry  80a,  x  week.     Shopwork  18s  (8),  3  weeks 
in  June  or  July. 
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THIRD  YEAR 


First  Half  Year 

Hours  per  week 

Sec    Page 

Class 

Lab'y 

77 
72 
75 
70 
go 
95 

Chemistry    49 
Chemistry  83 
Chemistry  101 
Civil  Eng.  53 
Mech.  Eng.  11 
Mech.  Eng.  5g 

Organic  Chemistry 
Industrial  Chemistry 
Advanced  Inorganic 
Resistance  of  Materials 
Steam  Power  Machinery 
Empiric  Design 

Total.. 

2 
3 
2 
5 
3 
2 

9 

3 
3 

17 

15 

Secojid  Half  Year 

77 
79 
73 
70 

83 
83 
89 
90 
104 

Chemistry  84 
Chemistry  102 
Civil  Eng.  54 
Civil  Eng.  76 
Elect.  Eng.  4 
Elect.  Eng.  72 
Law  2 

Mech.  Eng.  12 
Metallurgy  182 

Food  Chemistry 

Advanced  Inorganic 

Resistance  of  Materials  (Testi 

Hydraulics 

Electric  Distribution 

Direct  Current  Laboratory 

Business  Law 

Steam  Power  Machinery 

Assaying 

ng  Lab.) 
Total.. 

3 
2 

2 
2 
1 
2 
3 
2 

3 

3 

3 

6 

17 

15 

Su 

MMER  WORK :     Ch 
Chemica 

emistry  80b.     Visits  to  Industrial  Plants 
Factory  work  with  Report— 6  weeks. 

— 2  weeks. 

FOURTH  YEAR 


First  Half  Year 

71 
74 
75 
98 

90 
93 
97 
100 

IOI 

Chemistry  121 
Chemistry  171 
Chemistry  197 
Mech.  Eng.  97 

Mech.  Eng.  17 
Mech.  Eng.  37 
Mech.  Eng.  77 
Metallurgyioi.iii 
Metallurgy  131 

Physical  Chemistry 
Organic  Analysis 

Chemical  Factory  Machinery                  ) 
Mechanical  Equipment  of  Chemical     > 
Factories                                                     | 
Engineering  Thermodynamics 
Machine  Design 
Standard  Tests 

Introduction  and  Metallurgy  of  Copper 
Iron  and  Steel 

Total.. 

3 
2 

5 

2 
1 

1 
3 
1 

6 

6 
3 

18 

15 

Second  Half  Year 

75 
7i 
76 
75 
90 
97 

IOI 

Chemistry  88 
Chemistry  122 
Chemistry  184 
Chemistry  198 
Mech.  Eng.  18 
Mech.  Eng.  76 
Metallurgy  122 

Chemical  Engin.  Laboratory 

Phvsical  Chemistry 

Practical  Electro-Chemistry 

Chemical  Factory  Organization 

Engineering  Thermodynamics 

vStandard  Tests 

Metallurgy  of  Gold,  Silver,  Lead,  Zinc 

Total.. 

3 
2 

3 
2 

3 

9 
3 
3 

3 

14 

18 
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THE  DEGREE  OF  CHEMIST 

The  course  in  chemistry  includes  not  only  all  branches  of  theoretical, 
analytical,  and  industrial  chemistry,  but  also  collateral  sciences,  such 
as  mathematics,  mechanics,  physics,  mineralogy,  metallurgy,  electrical 
engineering,  and  drawing,  which  have  been  found  by  experience  to  be 
required  by  the  professional  chemist.  It  is  the  intention  to  provide  the 
graduate  not  only  with  a  thorough  knowledge  of  the  principles  and 
practice  of  chemistry  in  all  its  branches,  but  with  such  a  broad  and 
liberal  education  in  the  collateral  sciences  as  will  prepare  him  for  every 
demand  that  will  be  likely  to  be  made  upon  him  in  connection  with  his 
profession  or  in  the  pursuit  of  investigation. 


SECOND  YEAR 


First  Half  Ye 


irs  per  week 


See  Pagi 


72 

75 
73 
90 
105 


tog 


72 
75 
73 
83 
no 

105 


Chemistry  41 
Chemistry  81 
Chemistr'v  163 
Mathematics  65 
Mineralogy  15 
Physics  5 
Physics  43 
Phys.  Educ.  B 


Elementary  Organic— Lecture  Course 

Industrial  Chemistry 

Quantitative  Analysis 

Calculus 

Determinative  Mineralogy 

Electricity 

Physical  Laboratory 

Gymnasium 


Total. 


Second  Half  Year 


Chemistry  42 
Chemistry  82 
Chemistry  164 
Elect.  Eng.  2 
Mechanics  102 
Mineralogy  16 
Physics  44" 
Phys.  Educ.  B 


Elementary  Organic— Lecture  Course 
Industrial  Chemistry 
Quantitative  Analysis 
Elements  of  Dynamo 
Analytical  Mechanics 
Determinative  Mineralogy 
Physical  Laboratory 
Gymnasium 


Sum  mi 


R  Work  :  Chemistry  80a. 


18 


Lai. 
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THIRD  YEAR 


First  Half  Year                                    Hours  per  week 

See  Page 

Class 

Lab'y 

8 

6 
3 

18 

75 
70 
7i 
74 
74 
76 

Chemistry  83 
Chemistry  101 
Chemistry  121 
Chemistry  171 
Chemistry  175 
Chemistry  183 

Industrial  Chemistry 

Advanced  Inorganic 

Physical  Chemistry 

Organic  Analysis 

Food  Analysis 

Industrial  Electrochemistry 

Total.. 

3 

2 
3 

2 
2 
2 

M 

Second  Half  Year 

73 
75 
70 
7i 
104 
105 

Chemistry  84 
Chemistry  88 
Chemistry  102 
Chemistry  122 
Metallurgy  182 
Mineralogy  10 

Food  Chemistry 

Industrial— Laboratory  Course 

Advanced  Inorganic  Chemistry 

Physical  Chemistry 

Assaying 

Mineralogy  and  Crystallography 

Total.. 

3 

2 
3 
2 

2 

9 

6 
3 

12 

18 

Summer  Work  :  Chemistry  80b— Visits  to  Industrial  Plants— 2  weeks. 
Chemical  Factory  work  and  Report— 6  weeks. 

FOURTH  YEAR 


First  Half  Year 

75 

72 

72 

100 

IOI 

72 
73 

Chemistry  89 
Chemistry  141 
Chemistry,  43M 
Metallurgy    101, 

in 
Metallurgy  131 
Chemistry  225 
Chemistry  255 
Chemistry  in 
Chemistry  153 

Industrial  Chemistry— Lab.  Practice 
Organic  Chemistry— Advanced  Course 
Organic  Chemistry— Lab. 

Introduction  and  Metal'gy  of  Copper 
Iron  and  Steel 

Physical  Chemistry             }  „,     ,. 
Organic  Chemistry               /  flectives, 
Theory  of  Inorg.  Anal.         \  tw.^°  be 
Gen'l  Org.  Chem.                  )     taken. 

Total.. 

3 

3 
1 

4 

3 
12 

11 

15 

Second  Half  Year 

72 

IOI 

71 

72 

71 
72 
73 
74 
76 

Chemistry  142 
Metallurgy  122 
Thesis— 
Chemistry  226 
Chemistry  256 
Chemistry  112 
Chemistry  154 
Chemistry  218 
Chemistry  228 
Chemistry  258 
Chemistry  268 
Chemistry  278 
Chemistry  288 

Organic  Chemistry— Advanced  Course 
Lead,  Silver,  Gold  and  Zinc 

Physical  Chemistry               )  ™,     ,, 
Organic  Chemistry                I  Electives, 
Theory  of  Inorg.  Anal.          f  'f, to  be 
Gen'l  Org.  Chem.                   )      taken. 
Inorganic  Chem.:  Research— or       * 
Physical  Chem. :  Research— or          ) 
Organic  Chem.:  Research-or          I 
Analytical  Chem.:  Research— or      ( 
Food  Chem.:  Research— or                ) 
Electro  Chem.:  Research                   ' 

Total.. 

3 
3 

4 

15 

10 

15 
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COURSES    OF   INSTRUCTION 

Arranged  Alphabetically  by  Departments 

ASTRONOMY 

*io5— Geodesy.  2  hours  and  evening  visits  to  the  observatory. 
Professor  Jacoby. 

Outline  of  general  astronomy;  theory  of  the  celestial  sphere,  time,  motions  of  the 
earth,  the  calendar.  Spherical  trigonometry.  Theory  of  the  method  of  least  squares 
and  geodetic  triangulation  adjustments.  Trigonometric  levelling  and  barometric 
hypsometry.  Theory  of  the  astronomic  transit  instrument,  zenith  telescope,  and 
sextant.     Reference  book:  Jacoby's  Astronomy. 

106— Geodesy.     1  hour  and  1  laboratory  period.     Professor  Jacoby. 

The  applications  of  spherical  astronomy  to  geodetic  surveying,  and  training  in 
methods    of  accurate  computation.     Reference   book:    Doolittle's   Astronomy. 

107s— Geodetic  Surveying.     Professor  Jacoby,  with  Assistants. 

Summer  Course  in  Practical  Geodesy:    Given  at  Camp  Columbia,   Morris,  Conn. 

I  he  work  consists  m  the  development  of  a  system  of  geodetic  triangulation  to  in- 
elude  measurement  of  base  line  with  Invar  tapes,  angles  with  microscope  theodo- 
lites, adjustment  of  primary  quadrilaterals  by  the  method  of  least  squares,  together 
with  measurement  and  computations  for  the  location  of  secondary  stations  which 
furnish  the  triangulation    for  the  hydrographic   survey.      See  course   C  E    26S 

There  is  also  included  the  use  of  the  sextant  for  time  and  latitude,  barometric 
hypsometry  and  trigonometric  leveling;  the  level  trier;  the  determination  of  lati- 
tude by  zenith<  telescope,  and  longitude  by  star  transit,  chronograph,  etc.  A  stu- 
dent organization  consisting  of  chief  engineer,  chief  computer,  commissary  of 
transportation,  etc.,  attends  to  the  details  of  administration  under  the  direction 
of  University  instructors.  Each  student  must  submit  computations,  reports  and 
record  book. 

Pre-requisite :    Course   C.E.  25S  and  Ast.   105-6.* 

See  special  announcement  of  Summer  Session  at  Camp  Columbia.  For  fees  and 
deposits  see  page  41. 

Pre-requisite  for  all  courses  in  Astronomy:   Mathematics  of  first  two  years. 
*In   1914-15   courses    105  and   106  will  be   combined   into  a  single   course,   given 
during  the  second  term  in  an  abbreviated  form,  Professor  Jacoby  being  absent  on 
leave  during  the  first  term. 

BOTANY 

7— Growth  and  Character  of  Timber,     i   hour  and   I   afternoon. 

Professor  Curtis  and  Mr.  Altenburg. 

Growth  of  the  tree,  character  and  arrangement  of  its  tissues;  relation  of  moisture 
to  strength  of  timber;  the  deterioration,  preservation,  distribution  and  identifica- 
tion  of  lumber. 

Second  year  for  Civil  and  Sanitary  Engineering  students. 

CHEMISTRY 

The  following  courses  in  Chemistry  are  included  in  the  programs 
of  study  of  the  Schools  of  Mines,  Engineering  and  Chemistry.  For 
other  i  courses  offered  see  the  Announcement  of  the  Division  of 
Chemistry. 

Inorganic  Chemistry 
3,   61    or   4,    62— General    Chemistry   and    Qualitative    Analysis. 
5    hours   class-room   and    5    afternoons    laboratory.     Not   offered    in 
1914-15. 

Inorganic  chemistry  in  advance  of  entrance  chemistry  and  the  theory  and  practice 
of  qualitative  inorganic  analysis  based  upon  the  principles  of  modern  chemistry 
Pre-requisite:   Chemistry  A  or  Entrance  Chemistry. 


CHEMISTRY  ?l 

I0I-I02— Advanced  Inorganic  Chemistry.  2  lectures.  Undergrad- 
uate section.    Dr.  

Descriptive    inorganic   chemistry   and    the   application    of   the    laws   and   theories 
of   chemistry   and   of  modern   views   to  chemical    problems. 
Pre-requisite:   Course  163. 

Summer  Courses 

For  details,  see  the  Announcement  of  the  Summer  Session. 

sA — General  Chemistry.  Elementary  course  for  students  beginning 
the  study  of  chemistry.  5  hours  classroom  and  6  hours  laboratory 
work  per  week.     Mr.   Haeseler. 

S3C — Inorganic  Chemistry,  Sequel  to  entrance  chemistry  A.  5 
hours   classroom   and    15    hours  laboratory   per  week.     Mr.   Leslie. 

s6i— Qualitative  Analysis.  10  hours  lectures  and  conferences, 
and  30  hours  laboratory  work  a  week.     Mr.  Calvert  and  Assistant. 

Extension    Teaching,  Evening   Courses 
For  details  see  the  Announcement  of  Extension  Teaching. 

eA— General  Chemistry.  2  lectures,  1  recitation  and  2  hours  labora- 
tory practice,  counting  as  4  points.     Dr.   Neish. 

Physical   Chemistry 

121-122— Physical  Chemistry.  3  hours  lectures  and  recitations  dur- 
ing the  entire  year,  and  15  afternoons,  equivalent  to  1  afternoon  a 
week,  laboratory  during  the  first  or  second  half-year.  Professor 
Morgan  and  Assistant. 

A  course  treating  of  the  states  of  aggregation,  solution,  and  ions  in  analytical 
chemistry,  thermo-chemistry,  chemical  mechanics,  and  electro-chemistry.  Text- 
books: Morgans  Elements  of  Physical  Chemistry,  and  Ostwald's  Physico-chemical 
Measurements. 

Pre-requisite :     Course  3  or  4  and  61   or  62,   Physics  3-4-5  and  Mathematics 
64-65. 

225-226 — Physical  Chemistry.  2  hours  in  lectures  or  conferences 
throughout  the  year.     Professor  Morgan. 

m    Designed  for  four-year  students  in  the  course  of  chemistry,  selecting  a  thesis 
in   physical  chemistry. 

228— Physical  Chemistry— Research.  5  afternoons  during  the 
second  half  year,  for  students  taking  a  thesis  in  physical  chemistry. 
Professor  Morgan. 

Summer  Courses 

For  details,  see  the  Announcement  of  the  Summer  Session. 
si  38— Elementary     Physical     Chemistry.      5     hours.       Professor 
Morgan. 

Research.  The  laboratory  is  open  to  properly  qualified  students  for 
research  under  the  direction  of  Professor  Morgan. 
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Organic   Chemistry 

41-42— Organic  Chemistry,  Introductory  Lecture  Course.  2  hours. 
Dr.  Fisher. 

1  Iristructi°n  given  on  such  important  classes  of  compounds  as  the  hydrocarbons 
alcohols,  ethers,  organic  acids,  fats,  waxes,  soaps,  cyanides,  sugars,  carbohydrates' 
alkaloids,  coloring  matters,  drugs,  perfumes,  and  the  like.  The  lectures  will  be 
liberally  illustrated  by  material  from  the  Chandler  Chemical  Museum.  Text-book: 
.Perkin    &   Kipping  s   Organic  Chemistry. 

Pre-requisite:  Course  3-4  and  61  or  62.  It  is  urged  that,  if  possible,  labor- 
atory work,  Course  43M,  be  taken  with  this  course. 

43M— Organic     Chemistry,     Introductory     Laboratory     Course 

4  afternoons.     Drs.  Nelson  and  Fisher. 

,  A  study  of  the  typical  methods  for  preparation  and  the  typical  reactions  of  the 
important  classes  of  organic  compounds.  Text-book:  Jones'  Laboratory  Outline  of 
Organic  Chemistry.  ' 

41?42  reqUiS'te:  Courses  3  or  4  and  61  or  62-   Pre-requisite  or  parallel:  Course 

141-142— Organic  Chemistry,  Advanced  Course.  3  lectures  a  week 
for  one  year.     Professor  Bogert. 

A  discussion  of  the  less  common  and  of  the  more  complicated  groups  of  organic 
compounds,  together  with  a  study  of  the  theoretical  principles  involved,  presented 
in  the  form  of  select  chapters  from  the  field,  and  illustrated  both  by  experimental 
demonstration  and  by  material  from  the  Chandler  Chemical  Museum  and  from  the 
Organic    Laboratory.      Text-book:    Cohen's   Organic   Chemistry. 

Pre-requisite:  Chem.  3  or  4,  21-22,  61  or  62,  41-42,  Physics  3-4,  and  Pre- 
requisite or  parallel  43  M. 

255-256 — Organic  Chemistry,  Conferences.  2  hours.  Professor 
Bogert. 

Presentation  and  discussion  of  recent  important  investigations  in  the  field  of 
organic  chemistry. 

Required  in  the  second  half-year,  of  all  fourth-year  students  in  the  School  of 
Chemistry  selecting  a  thesis  in  organic  chemistry.  Pre-requisite  or  parallel: 
Course  141-142.  Pre-requisite  Chem.  3,61  or  4,62,  65  or  66,  41-42,  43M,  21- 
22,  and  Physics  3-4. 

I53-i54— General  Organic  Chemistry.    2  hours.    Dr.  Nelson. 

A   review  of  organic  chemistry,   with   special   reference  to  the   theory  of  the  re- 
actions of  organic  chemistry  as  viewed  from  the  modern  standpoint. 
Pre-requisite:    41-42,    pre-requisite    or   parallel    43M. 

49— Organic     Chemistry    for     Chemical     Engineering     Students. 

2  lectures  and  3  afternoons.     Drs.  Nelson  and  Fisher. 

The  study  of  organic  compounds  and  reactions  with  particular  reference  to  their 
relation  to  commercial  products  and  manufacturing  processes. 

Pre-requisite:  Course  3,61  or  4,62,  41-42  or  its  equivalent.  Required  of 
all  third-year  chemical  engineering  students. 

258 — Organic  Chemistry,  Research.  5  afternoons  during  the  second 
half-year  for  students  taking  a  thesis  in  organic  chemistry.  Professor 
Bogert  and  Dr.  Nelson. 

Summer  Courses 
For  details,  see  Announcement  of  the  Summer  Session. 
S41    or    42 — Organic    Chemistry,    Elementary    Lecture    Course. 
5  hours.     Dr.  Fisher.     Equivalent  to  41  or  42. 
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S43  or  44— Organic  Chemistry,  Laboratory  Course.  Dr.  Fisher 
and  Assistant.    S43-44  is  equivalent  to  43M. 

Research.  The  laboratory  is  open  to  properly  qualified  students  for 
research  under  the  direction  of  Dr.  Nelson. 

Analytical  Chemistry 

65 — Quantitative  Analysis,  Inorganic,  Short  Course.  2  hours  and 
2  afternoons.     Dr.   Barry. 

The  analyses  included  in  this  course  are:  Magnesium  sulphate,   potassium   alum, 
coal,  iron  ore,  copper,  zinc,  alkalimetry,  acidimetry,  and  flue  gas. 
Pre-requisite:  Courses  3  or  4  and  61  or  62. 

66 — Quantitative  Analysis,  Inorganic.  3  hours  and  4  afternoons. 
Mr.  Fales. 

The  analyses  included  in  this  course  are:  Magnesium  sulphate,  iron-ammonium 
alum,  coal,  iron  ore,  pig  iron,  zinc  ore,  limestone,  slag,  copper  and  lead  ores,  and 
flue  gas. 

Pre-requisite:  Courses  3  or  4  and  61  or  62. 

163-164 — Quantitative  Analysis.  163—3  hours  and  4  afternoons. 
Professor  Beans. 

The  classroom  work  includes  not  only  the  methods  applied  in  the  laboratory,  but 
discussions  of  quantitative  separations  from  a  theoretical  standpoint,  and  chemical 
calculations. 

The  analyses  included  in  this  course  are:  Magnesium  sulphate,  sodium  or  other 
chloride,  potassium  alum,  iron  ammonium  alum,  coal,  iron  ore,  pig  iron,  spiegel, 
limestone,  ores  of  zinc,  copper,  nickel,  lead,  arsenic,  alloys,  rocks,  gas  analysis,  etc. 
Pre-requisite:  Courses  3  or  4  and  61  or  62. 

1 1 1-1 1 2-— Theory  of  Inorganic  Analysis.  2  hours.  Professor 
Beans. 

A  systematic  study  of  the  reactions  and  the  theory  of  the  separation  and  determi- 
nation of  the  elements,  including  the  rare  elements. 

Pre-requisite  or  parallel:     Chemistry  101-102,   121-122,  163-164. 

268 — Analytical  Chemistry,  Research.  5  afternoon  during  the 
second  half  year  for  students  in  the  course  of  Chemistry,  who  elect 
thesis  work  in  inorganic  analytical  chemistry.     Professor  Beans. 

Summer  Courses 
For  details  see  the  Announcement  of  the  Summer  Session. 
s66 — Quantitative   Analysis.     5   lectures   and   30  hours   laboratory 
work   weekly.     Professor   Beans   and  Assistant. 

S164 — Quantitative  Analysis,  Advanced.  5  lectures  and  30  hours 
laboratory  work  weekly.     Professor  Beans  and  Assistant. 

Food  Chemistry 

84 — Food  Chemistry.  3  hours.  Professor  Sherman  and  Mr. 
Thomas. 

The  general  principles  of  food  chemistry  and  food  legislation  and  the  chemical 
technology  and  control  of  the  more  important  food  industries;  milk  and  its  products; 
meat  products;  edible  fats  and  oils;  grain  products;  starch,  glucose,  sugar;  fruit 
products;    fermentation;    etc. 

Pre-requisite:  Chemistry  3  or  4  and  81-82  or  41-42. 
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171— Organic  Analysis.     2   hours  and  2   afternoons.     Professor 
Sherman  and  Mr.  Thomas. 

The  lectures  include  general  and  industrial  organic  analysis  fertilizer  analysis 
fmernr^inn11'  f*3""**0"  °.f  drinking  water.  Ipecial  attention  is  given  ?othe 
interpretation  of  the  analytical  results.  Text-books:  Sherman's  Method  t  of 
Organic  Analysts  and  Mason's  Examination  of  Water  anerman  s  Methods  of 
„,1«  a"a'yses. included  in  this  course  are:  Acidiraetry  and  alkalimetry  alcohol 
anflylis  of  water?  ^  °ther  indUStdal  °ilS'  S°ap'  Utilizers,  a'nd  thT  sanftary 
Pre-requisite:      Chemistry   41-42   and   161-162. 

175— Food  Analysis.  2  hours  and  2  afternoons.  Professor 
Sherman  and  Mr.  Thomas. 

,JFih?-cIaSS"t50°?\worH  °,f  th5s.  c°urse  includes  a  discussion  of  the  descriptive  and 
analytical  chemistry  of  the  principal  constituents  of  foods,  and  some  Sfthlmore 
important  enzymes  connected  with  the  utilization  of  foods  as  weH  as  °he  anaTvsis 
of  commercial   food  products.      Special  attention   is   given   to >   the inferpretat?on   of 

P»rit78UTextfboo0k0d  BSSni1  J&P?  *?  #***-  ^ardsof  compSon  anl 
purity.      lext-book      Shermans  Methods  of   Organic  Analysis. 

*   a C  analyses  included  in  this  course  are:      Sugars,  starches    cereals  and   bread- 
stuffs,  edible  oils,  butter,  milk,  and  food  preservatives. 
Pre-requisite:     Chemistry  41-42  and   161-162. 

278— Food  Chemistry,  Research.  5  afternoons  during  the  second 
half-year  for  students  taking  a  thesis  in  Food  Chemistry.  Professor 
Sherman. 

Summer  Courses 

For  details,  see  the  Announcement  of  the  Summer  Session. 

si75— Food  Analysis.    Professor  Sherman  and  Mr.  Thomas. 

S176— Chemistry  of  Food  and  Nutrition.  3  hours.  Professor 
Sherman.     (Will  be  accepted  as  equivalent  to  Chemistry  84.) 

Research.  The  laboratory  is  open  to  properly  qualified  students  for 
research,  in  organic  analytical  chemistry  or  the  chemistry  of  foods, 
under  the  direction  of  Professor  Sherman. 

Sanitary  Analysis 

76— Microscopical  Analysis.  Laboratory  and  conference.  1  after- 
noon a  week  during  February  and  March.     Mr.  Buswell. 

rn£^n£rfii™'  U*se  1nd  car?  of  the  m5croscope.     Examination  and  identification  of 
rZZ         h/en'  stafrches>   spices,   yeasts  and   other   objects  of  economic  importance. 
Common  adulterants.     Measurement  of  sand  grains,   micro-organisms,  etc. 
Pre-requisite:   Chemistry  65. 

78— Sanitary  Bacteriological  Analysis.  2  hours  lectures  and  2  after- 
noons laboratory  work,  second  half-year.     Mr.  Buswell. 
enuring  Students?"  ^   bacterio10^  and  hygiene.     A  short  course  for  sanitary 
Pre-requisite:    Chemistry  65,  76. 

79— Sanitary  Biological  Analysis.  2  hours  and  1  afternoon  labora- 
tory a  week,  first  half-year.     Mr.  Buswell. 

General,  principles  of  biology,  biological  activity-function,   metabolism,  symbiosis, 
tS&S^iW^S^    ammalS  3nd   PlantS— use s   of   tastes, 'od'ors,   and 
Pre-requisite:  Chemistry  65,  76. 
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179 — Analysis  of  Water  and  Sewage.     1   hour  and   2  afternoons, 
first  term.    Mr.  Buswell. 

Physical,  chemical,  microscopical  and  bacteriological  methods. 

180 — Sanitary  Analysis.     Advanced  methods  and  special  problems. 
Second  term,  1  hour  and  2  afternoons.     Mr.  Buswell. 


Industrial  Chemistry 

81-82— Industrial  Chemistry,  General.  3  hours  lectures.  Professors 
Whitaker  and  Metzger  and  Instructor. 

Air;  water;  sulphur;  sulphuric  acid;  nitric  acid;  hydrochloric  acid;  alkali  indus- 
tries; potash;  artificial  gases  and  natural  gas;  petroleum  and  its  products;  cement; 
paints  and  varnishes;  soaps;  ceramics;  glass;  explosives;  fuels;  structural  ma- 
terials. 

Pre-requisite :    Courses  Chemistry  3   or  4  and  61   or  62. 

83 — Industrial  Chemistry,  Advanced  Course.  3  hours.  Professor 
Metzger  and  Assistant. 

Textile;  tanning;  glue  and  gums;  India  rubber  and  plastics;  celluloid;  arti- 
ficial fibers;  paints,  oils,   varnishes;  paper,  etc. 

Pre-requisite:   Courses  Chemistry  3  or  4  and  81-82  and  41  or  42. 

88 — Industrial    Chemistry,    Laboratory    Practice.      3    afternoons. 

Professors  Whitaker  and  Metzger  and  Instructor. 

Fourth-year   students  in   Chemical  Engineering. 

89 — Industrial  Chemistry,  Textile  and  Dye  Chemistry.  1  after- 
noon.    Professor  Metzger  and  Assistant. 

Special  applications:  Textile  industry,  vegetable  and  animal  fibres,  bleaching, 
dyeing,  and  calico  printing. 

Pre-requisite:     Course  3  or  4,  41   or  42. 

197 — Chemical  Factory  Apparatus  and  Machines.  5  hours.  Pro- 
fessors Whitaker  and  Thomas. 

To  cover  the  construction  and  use  of  the  apparatus  and  machinery  of  chemical 
factories. 

198— Chemical  Factory  Management.  3  hours.  Professor  Whit- 
aker. 

Relations  of  the  chemist  to  the  various  phases  of  making  and  marketing 
chemical  products.  Sales  organization  and  methods;  transportation  of  products 
and  materials;  purchase  of  supplies;  warehousing  and  stocks;  manufacturing  organi- 
zation; equipment;  process;  operation;  cost  keeping  and  accounting;  process  im- 
provements; product  improvements;  factory  economics;  labor;  insurance;  fire  and 
accident  protection;  finance;   administration. 

80a — Factory  Inspection.  Professors  Whitaker  and  Metzger 
and  Instructor. 

Visiting  and  inspection  of  chemical  works  of  special  interest  in  and  near  New 
York  City,  such  as  gas  works,  petroleum  refineries,  paint  and  varnish  factories, 
soap   and  candle  works,   and  plants  for  the  purification  of  water  and  sewage.  > 

Required  of  all  second-year  students  in  the  courses  of  chemistry  and  chemical 
engineering.  The  visits  to  factories  are  made  during  the  weeks  following  the 
final  examinations. 
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8ob-Summer  Factory  Excursion  Work  and  Report.     Professors 
Whitaker  and  Metzger  and  Instructors.  "oiessors 

bo^g°  SfeksS  iSsfuedVe°n^  *tf  fe^rSSr^  ^l  in  ?**  York  and  neigh- 
chemical  factory  or  labora  ory  or  in  ,  '  ?  •?  WOrk  at  Ieast  six  weeks  in  a 
Full  report  on  this  requirement  will  he ™^P?"V£n  aPProved  by  the  instructor. 
of  the  work.                    yuuement  will  be  made  to  the  instructors  at  the  conclusion 

Summer  Courses 
For  details,  see  the  Announcement  of  the  Summer  Session 
^sSi-Industxial    Chemistry,    General.     5    lectures    per    week.     Dr. 

Electro-Chemistry 
181-182-Practical  Electro-Chemistry.   10  hours.  Professor  Tucker 

Pre-requisite:    Courses  3  or  4,  61  or  62    65 

Pr'otslrT:^:^3'  E1«tr°-Che™^'  *  '—  and  :4  afternoons. 

Pre-requisite:    3  or  4,  65. 

half  t"nf  f  Ctr°;C,hemiSt7'  Research'  5  afternoons  during  the  second 
Tucker  *  *  thCSiS  in  eIectr°-chem^try,     Professor 

CIVIL   ENGINEERING 

f*~TThCOry  °/,Sreying-  Lectures  and  recitations,  2  hours.  Pro- 
fessor Lovell,  Mr.  Finch,  Air. . 

err^rf  and  clrrSSS^o*  be*  feeT*  ^SSV^SSSS^lf  "d  »»If»»tlng 
ment  of  the  engineer's  transit    UvrlanJi  precision       Use,  care,  and  adjust- 

tion.  Local  atfraction  .  RefocatTon  Jf  old  y£V«f'hvMaBnet,C  dKecli™tion  and  varia- 
standards.  Surplus  and  defidencv  Siimifirnn^  b?  comPass  bearings.  Erroneous 
putations  of  area  and  error  of  c Sure T  ™?n  /   mon»ments.      Traverses;   com- 

of  public  land  surveys  Topographic  suVVel,°  tr^A^l^  Up  }an^  System 
methods.  Triangulation  Citv ^rvivfnJ IVF'  •  -ransit  ,stadia  and  PIane  table 
tion  of  deed  descriptions.     T^ffi^Sr^S^      InterPreta" 

i5S--Surveying  between  the  First  and  Second  Years.   Field  work 
and  office  work.    5  weeks.    4  surveys.     Mr.  Finch  and  Assistants 

lev^ppi^ 

line  of  differential  levels  iw  w£  . >  adjustment  cf  the  level  and  in  running  a 
ment  of  the ££ it angle  rtadin^by r^peTition'  dSZS?  V"™!*8  °f.the  *dju»t- 
observations  to  determine   relfahi^v   n/tP  '   deter,mination  of  stadia  constant, 

2i— Highway   Engineering,     i   hour.     Professor  Lovell 

mMmmmmmm 
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23— Theory  of  Railroad  Surveying.  2  hours  and  1  afternoon.  Pro- 
fessor Lovell  and  Mr.  Finch. 

i^^!t^T^^£tZ.in  Mining  En8ineerin^  <«***  "-  —  ■*■ 

Pre-requisite:    15. 

25S— Surveying  between  the  Second  and  Third  Years.  Field 
work  and  office  work.    5  weeks.  5  surveys.    Mr.  Finch  and  Assistants. 

Survey  1  consists  of  running  a  line  of  levels  for  a  water  main  or  sewer,  plotting 
tin ,  Au?d  fc^Putatlpn  of  excavation.  Survey  2  consists  of  a  topographic  survey 
with  plane  table.  Intersection,  re-section,  and  traverse  methods  to  be  used  and 
n!f£h™fT  ?urvey  {  consists  of  a  topographic  survey  with  transit  and  stadia; 
note-book  and  map.  An  optional  course  in  photographic  surveying  may  be  offered 
f^'f9)12'^  Purvey  4  consists  of  solar  observations  with  transit  and  solar  compass 
for  the  determination   of  the  true,  meridian   and  magnetic  declination.      Survey  5a 

?oS anUHVZni^aCt°-nSIStf  °.l  th?  dlI1S1°?  ,°f  l?nd  int0  city  blocks  and  subdivision  into 
It   JJlt   K  Nation  of  the  street  and  lot  lines;  grade  lines  for  streets  and  grades 

LtfH;'nnTCtl0nSVl0Ca,0n  and  grade  -of  sewers5    including  map,    profile,   and 
computation    of   excavation    for   street    opening  and   sewer    line.      Relocation    of   lot 
ines  and  problems  m  surplus  and  deficiency,    map    showing    property    with    record 
line  and  encroachments.     Location  of  lines  for  buildings,  bridge  abutments,  etc. 
Pre-requisite:    15. 

26S— Surveying  between  the  Third  and  Fourth  Years.  Hydro- 
graphic  Survey.  Field  and  office  work.  2  weeks.  Mr.  Finch  and 
Assistants. 

Survey  made  in  conjunction  with  Geodetic  Survey  (total  time  e  weeks  see 
page  70,  Uept  of  Astronomy),  which  furnishes  main  triangulation  net  for  topo- 
graphic and  hydrographic  control.  Hydrographic  survey  consists  of  auxiliary  tri- 
angulation, topography  on  shore  by  stadia,  soundings,  observations  on  outlet  bv 
current  meter  for  river  discharge,  adjustment  of  angles,  computation  of  triangula- 
tion system,  also  of  river  discharge,  map  and  report. 
Pre-requisite:    25. 

26aS — Limnology.  Field  and  office  work.  3  weeks.  Mr.  Finch 
and  Assistants. 

This  work  covers  the  physics,  chemistry,  and  biology  of  lakes  and  reservoirs. 
I  he  location  of  Camp  Columbia  near  Bantam  and  adjoining  lakes  and  ponds 
otters  a  favorable  opportunity  for  the  study  of  this  subject  which  is  of  great 
importance  in  water  supply  work.  The  course  includes  a  study  of  currents 
waves  and  seiches,  thermal  stratification;  stagnation  effects,  microscopic  examina- 
tion and  the  control  of  algae  growth  in  reservoirs,  turbidity,  etc. 
Pre-requisite:    Chemistry  78-79. 

27S— Surveying   between    the   Second   and   Third   Years.     Field 

work  and  office  work.    5  weeks.  5  surveys.    Mr.  Finch  and  Assistants. 

Same#as  C  E.  25  except  Survey  5a  is  omitted  and  Survey  5b  is  added.  Survey 
50  consists  of  the  location  of  a  mining  claim  1,500  feet  long  by  300  feet  wide  in 
conflict  with  existing  claims,  and  the  determination  of  the  areas  in  conflict.  The 
claim  is  located  upon  an  outcrop  of  assumed  dip  and  strike,  in  such  a  manner  as  to 
keep  the  center  line  close  to  the  outcrop.  Reports  and  maps. 
Prerequisite:    15. 

28S— Surveying  between  the  Second  and  Third  Years.  Field 
work  and  office  work.     3  weeks.     Mr.  Finch  and  Assistants. 

Railroad  surveying — Reconnaissance — Preliminary  survey — Location — Cross-sec- 
tioning—Computation — Economic  comparisons  from  construction  and  operating 
standpoints— A  complete  survey  for  the  location  of  a  line  two  to  five  miles  long  is 
made,  with  all  the  attendant  computations  requisite  for  placing  the  work  under 
contract.  Maps,  plans,  profiles,  calculations  of  earthworks,  estimates  and  specifica- 
tions. Daily  conferences  with  instructor  in  charge  of  party. 
Prerequisite:    23,  27. 
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51.52— Theory  of  Railroad  Surveying.  2  hours  and  1  afternoon, 
first  half-year,  and  3  hours  and  1  afternoon  second  half-year.  Professor 
Lovell  and  Mr.  Finch. 

Simple,  compound,  and  reversed  curves— Transition  curves— Switch  work— 
Cross-section  work— Earthwork  computations— Cost  of  earthwork;  cut  and  nil- 
Borrow— Waste  and  overhaul— Office  work;  Profile  with  mass  curve  showing  proper 
distribution  of  excavation.  Lectures  and  practical  problems.  Reference  books: 
Searle  s  Field  Engineering  and  Crandall's  Transition  Curve  and  Earthwork. 
Pre-requisite:    15. 

53-54— Elasticity  and  Resistance  of  the  Materials  of  Engineering. 
5  hours  lectures  and  recitations  first  half.  6  hours  first  half-year  of 
problem,  design  and  laboratory  work;  3  hours  second  half.  Professors 
Burr  and  Norsworthy,  Mr.  MacGregor  and  Assistants. 

Laws  of  elasticity  in  homogeneous  materials— Coefficients  of  elasticity— Relations 
between  stresses  and  strains— Common  and  exact  theories  of  torsion  and  flexure— 
Elastic  limits,  working  stresses,  and  ultimate  resistances  of  wrought  iron,  cast  iron, 
steel,  alloys,  timbers,  building-stones,  cement,  concrete,  and  masonry— Reinforced 
concrete  construction— Complete  treatment  of  simple  and  continuous  beams— The 
design  and  construction  of  iron,  steel,  and  timber  columns  and  beams,  including 
the  design  and  construction  of  plate  girders— Shafts— Cables— Fatigue  of  materials 
— bpecincations— -Testing  Laboratory — Discussion  of  properties  of  structural  ma- 
terials as  shown  by  results  of  testing,  by  tension,  compression,  bending,  and  torsion 
— Keport   of   tests.      Reference  and  text-book:   Burr's  Elasticity  and  Resistance   of 

Pre-requisite:    Mechanics  102. 

57a— Sanitary  Statistics  and  Reports.  20  lectures.  Professor 
Jackson. 

Collection  preparation  and  interpretation  of  vital  statistics,  for  the  identification 
of  the  sanitary  condition  of  particular  States,  cities,  or  communities  as  affected  by 
water  and  mi  k  supplies  sewerage  systems,  industrial  and  economic  conditions. 
Reference  book:    Newsholme  s   Vital  Statistics. 

57b— Drainage  of  Marshes  and  Lowlands.    A  course  of  10  lectures. 

Professor   Jackson. 

Mosquitos,  habits,  breeding,  methods  of  extermination.     Malaria,  yellow  fever. 
Pre -requisites  for  courses  57a  and  57b  are  Chemistry  78  and  79,  and  Civil 
Engineering  59.  ,      ' 

58— Masonry  Structures.  3  hours  and  1  afternoon  with  frequent 
conferences  and  continuous  work  in  design.  Cement  and  mortar  testing 
in  the  cement-testing  laboratory  are  required  of  all  students.  Pro- 
fessor Norsworthy. 

Pressure  and  abutting  power  of  earth— Design  and  construction  of  retaining 
walls— Stability  of  masonry  structures  in  general— Stability  of  towers  and  chim- 
neys under  wind  pressure— Theory  and  design  of  arches  with  vertical  and  inclined 
loads— Theory  and  design  of  reservoir  walls,  earth  and  high  masonry  dams— 
lneory  and  Design  of  masonry  domes— Cement,  concrete,  and  masonry.  Reference 
books:  Ketchums  Walls,  Bins  and  Grain  Elevators;  Morrison  and  Brodie's  High 
Masonry  Dams,  and  Baker's  Masonry  and  Foundations. 
Pre-requisite:     Mechanics  102,  Mineralogy  5. 

59— Sanitary  Treatment  of  Water  Supply  and  Sewage.  2  hours 
a  week  throughout  the  term  and  2  afternoons  in  October  in  the 
Bacteriological  Laboratory.     Professor   Jackson. 

Theory  and  construction  of  sand  filters — Pollution  of  potable  water  and  its  puri- 
fication by  methods  of  sterilization  and  filtration— Mechanical  filtration— Design 
of  sand  filters  for  water  purification— Biology  and  Bacteriology  of  drinking  water 
—  ireatment  and   disposal  of  sewage  and  refuse  of  manufacturing— Sedimentation 
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by  gravity  and  by  chemical  precipitation— Treatment  by  continuous  and  inter- 
mittent sand  titration— Septic  tanks— Contact  beds— Percolating  or  trickling  filters 
—Continuous  flow  tanks— Intermittent  application  to  soil  with  under-drainaee— 
Disposal  ot  sludge— Plants  for  sewage  treatment.  Text-books:  Public  Water  Sup- 
plies,   Turncaure    and    Russell;    Purification    of    Sewage,    Kinnicut,    Winslow    and 

Pre-requisite:    Chemistry    82. 

61— Analytical  Theory  of  Trusses.  2  hours  and  1  afternoon,  with 
frequent  conferences  and  problems  in  computations  of  stresses  and 
preparation    of   stress   sheets.     Professor   Norsworthy. 

The  truss  element — Simple  cantilever  and  non-continuous  trusses  with  parallel 
chords — Fixed  and  moving  loads — Through  and  deck  spans — Positions  of  any  sys- 
tem of  concentrated  moving  loads  for  greatest  chord  and  web  stresses  when  chords 
are  both  parallel  and  non-parallel — Combination  of  moments  and  graphic  methods — 
Skew  and  irregular  trusses — Applications  to  bridge  and  roof  trusses — Braced  arches 
and  arched  ribs.  Reference  and  text-book:  Burr  and  Falk's  Metallic  Bridges. 
Pre-requisite:     Mechanics    102. 

62 — Graphic  Statics.  2  hours  and  1  afternoon.  Professor  Nors- 
worthy. 

For  students  in  Civil  Engineering — Equilibrium  polygon,  and  polygonal  frames 
for  all  systems  of  loads — Graphical  representations  of  shears  and  moments  for  both 
non-continuous  and  continuous  beams — Fixed  and  moving  loads — Lines  of  influence 
— Applications  to  bridge  and  roof  trusses.  Reference  and  text-book:  Burr  and 
Falk  s  Influence  Lines. 

Pre-requisite:      Mechanics   102. 

64— Graphic  Statics.  1  hour  and  1  afternoon  for  mining  engineers 
and  metallurgist.     Professor  Norsworthy. 

An  abridged  course,  covering  the  subjects  taken  in  Course  62. 
Pre-requisite:     Mechanics   102. 

7 1 S— Surveying  between  the  Third  and  Fourth  Years.  Field 
work  and  office  work.     4  weeks.     Mr.  Finch  and  Assistants. 

Railroad  Surveying — Reconnaissance— Preliminary  survey — Location — Cross-sec- 
tionmg— Computations — Economic  comparisons  from  construction  and  operation 
standpoints— A  complete  survey  for  the  location  of  a  line  two  to  five  miles  long  is 
made,  with  all  the  attendant  computations  requisite  for  placing  the  work  under 
contract.  Maps,  plans,  profiles,  earthwork  quantities,  estimates  and  specifications. 
Daily  conferences  with  instructor  in  charge  of  party. 
Pre-requisite:    51-52  and  25. 

75— Hydraulics.  3  hours,  with  conferences  and  problems.  Mr. 
Finch. 

Hydrostatics— Laws  of  hydraulics — Measurement  of  head,  pressure  and  flow — 
Gages — Manometers — Venturi  meter — Current  meter — Flow  through  orifices — 
Ueirs,  use,  construction  and  discharge— Flow  and  discharge  of  pipes— Compound 
Pipes  and  branches — Flow  in  and  discharge  of  open  channels — Canal  design — Stream 
gaging  by  current  meter,  floats,  etc. — Graphical  solution  of  hydraulic  problems — 
Backwater — Elements  of  flow  of  compressible  fluids.  Text-book:  Merriman's 
Hydraulics. 

Pre-requisite:    Mechanics  102,  Math.  64-65. 

76 — Hydraulics.    2  hours.    Mr.  Finch. 

For  students  in  Chemical  and  Mining  Engineering — Course  75  abridged. 
Pre-requisite:    Mechanics  102,  Math.  64-65. 

77— Hydraulics.     2  hours.     Mr.  Finch. 

For  students  in  Electrical  Engineering — Similar  to  Course  75,  but  shorter.  In 
addition  it  deals  with  the  general  considerations  of  rainfall,  evaporation,  percola- 
tion,  run-off,   net  yield   and  storage;   conduction    of   water   from  source   to   power- 
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house,  hydraulic  losses  and  effective  head  on  wheel;  estimation  of  power.  Text- 
book: Mernman's  Hydraulics.  Reference  book:  Turneaure  and  Russell's  Public 
Water  Supplies. 

Pre-requisite:    Mechanics  102,  Math.  64-65. 

78 — Hydraulics.     2  hours.     Mr.  Finch. 

For  students  in  Metallurgical  and  Mechanical   Engineering— Same  as  76. 
Pre-requisite:  Mechanics  102,  Math.   64-65. 

85— Foundations.  2  hours,  with  frequent  conferences  and  work  in 
design.     Professor  Burr. 

Earth  foundations— Foundations  for  buildings — Safe  loads  on  masonry  and  foun- 
dation beds— Pile  driving  and  pile  foundations— Safe  loads  for  piles— Protection 
and  preservation  of  piles  and  timber— Sheet  piling  and  coffer-dam  methods— 
Pneumatic  foundations  and  caisson  work — Open  dredging — Bridge  piers  of  masonry 
and  cylinders— Piers  for  deep  foundations— Methods  of  working  in  quicksands— 
iunnehng.  Reference  books:  Patton's  Foundations  and  Baker's  Masonrv  and 
Foundations.  •* 

Pre-requisite:     58,    Geology    18. 

87-88— The  Design  and  Construction  of  Bridges,  Roofs,  and 
Buildings.  2  hours  and  1  afternoon,  with  frequent  conferences  and 
continuous  work  in  design.     Professors  Burr  and  Norsworthy. 

Railway  and  highway  bridges— Pin  and  riveted  connections— Single  and  multiple 
system  of  bracing— The  design  of  details  for  bridges,  roofs,  and  buildings— Floors 
for  railway  and  highway  bridges— The  design  and  operation  of  draw-bridges,  in- 
cluding engines  locking,  lifting,  and  turning  machinery— Cantilever  structures- 
Wind  roads  and  stresses— Single  and  double-track  viaducts  or  trestles  in  iron, 
steel,  and  timber— Lateral  and  transverse  systems  of  bracing— The  design  and 
construction  of  elevated  railroads — The  complete  designs  of  railway  structures 
with  estimates  of  cost— The  erection  of  iron,  steel,  and  timber  structures,  includ- 
ing the  cost  of  erection,  hirst  half-year  only  for  sanitary  engineers.  Reference 
and  text-books:  Burr  and  Falk's  Influence  Lines;  Burr  and  Falk's  Metallic  Bridges. 
Prerequisite:    53-54,  61-62. 

89-90— Railroad  Engineering.  3  hours  and  2  afternoons  for  con- 
ferences and  design  work.    Professor  Lovell  and  Mr.  Finch. 

Location,  construction  and  operation— Train  resistance,  sources  and  probable 
value— Curvature  and  grades,  their  relation  to  velocity  and  maximum  train-load— 
Effect  of  momentum— Reduction  of  grades  at  starting  points— Balance  of  grades 
for  unequal  traffic— Study  of  annual  reports — Analysis  of  operating  expenses — 
Cost  of  operating,  including  maintenance,  per  train  mile — Itemized  statements  of 
costs  and  percentage  to  total  cost— Cost  of  extra  distance,  curvature,  rise  and 
fall,  or  of  additional  trains — Effect  of  roadbed  on  cost  of  running  trains — Justi- 
fiable expenditure  in  construction  to  save  one  mile  of  distance,  one  degree  of 
curvature,  one  foot  of  rise  and  fall,  or  to  reduce  ruling  grade  .1%  per  daily  train 
per  year — Pusher  grade  for  one  or  more  assistant  engines — Economical  use  of 
pusher  grades — Cost  of  excessive  or  limiting  curvature — Value  of  additional  traffic 
—Principles  to  follow  in  locating  new  lines — General  policy  of  improvements  in 
old  lines— Principles  in  design  and  construction  of  railroad  yards  and  terminals — 
Computations  and  detail  drawings  of  turnouts,  slip  switches  and  ladder  tracks — 
Development  and  present  practice  in  block  signalling  and  interlocking,  with  prob- 
lems in  design  and  estimates  of  cost  of  installation — Classification  and  cost  of 
earthwork — Graduation,  cross  section  in  excavation  and  embankment,  and  protec- 
tion of  slopes — Ordinary  and  extraordinary  methods  of  drainage — Water  supply,  its 
quality,  storage,  and  delivery — Design  of  standard  maintenance  of  way  plans, 
including  ballast — Track  and  track  accessories — Organization — Management.  Ref- 
erence books:  Wellington's  Railway  Location — Elements  of  Railroad  Engineering,* 
Raymond — American  Railway  Transportation,  Johnson — Railway  Signaling,  Latimer 
— Camp's  Notes  on  Track — Dewsnap's  Railway  Organization  and  Working. 
Pre-requisite:    71. 

94— The  Design  and  Construction  of  Sewers,  and  River  and 
Harbor  Improvements.  2  hours  lectures,  recitations,  problem  and 
design  work.     Professors  Burr  and  Jackson. 

Sewerage  and  surface  drainage  of  cities  and  towns — Separate  and  combined  sys- 
tems   of    sewers — Capacities    of    mains    and    branches — Catch    basins — Manholes — 
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Chimneys  or  ventilators — Flush  tanks — Outfalls — Grades — Flow  or  discharge  of 
sewers — Construction.  River  and  Harbor  Improvements — Jetty  system  of  river 
improvements — Scouring  action  of  currents — Erosion  of  river  banks — Dams  for 
improvement  of  river  navigation — Breakwaters — Dykes — Groins — Mattress  work — 
Docks — Harbor  works — Iron  piers — Estimates  of  cost.  Text  and  reference  books: 
Sewer  Design,  Ogden;  Sczucr  Construction,  Ogden. 
Pre-requisite:    26,  59,  75. 

96 — Principles  of  Hygiene,  Sanitary  Science  and  Public  Health. 

3  hours.     Professor  Jackson. 

Health  and  disease;  the  germ  theory  of  disease;  dust  and  its  dangers;  infection 
and  contagion;  drinking  water,  ice,  milk,  vegetables,  shell-fish,  etc.,  as  vehicles  of 
disease;  flies  and  other  disease  carriers;  general  problems  of  public  health  and 
sanitation.  Reference  books:  Principles  of  Sanitary  Science  and  Public  Health, 
Sedgwick;  Sources  and  Modes  of  Infection,  Chapin;  Preventive  Medicine  and 
Hygiene,    Rosenau. 

Pre-requisite:    Civil  Engineering  57a  and  57b,  Chemistry  78  and  79,   C.   E. 
59. 

97 — Water  Supply,  Water  Power  and  Irrigation.  3  hours  lectures, 
recitations,  problem  and  design  work.    Mr.  Finch. 

Water  Supply — General  problem — Quantity  required — Detection  and  prevention 
of  waste — Metering — Methods  of  supply — Rainfall,  run  off  and  flood  flows — Storage 
— River  and  lake  intakes — Underground  flow  and  wells— Gravity  supplies — Storage 
reservoirs — Aqueducts  and  pipe  lines — Equalizing  reservoirs — Pumping — Elevated 
tanks  and  standpipes — Distributing  system — Operation,  construction  and  main- 
tenance— Water  Power — The  hydrograph — Relation  of  load  curve,  pondage,  etc. — 
Effect  of  flood  flows  on  head — Flashboards — Construction — Irrigation — Extent — Duty 
of  water — Elements  of  design — Reservoirs — Headworks — Canals  and  flumes — Applica- 
tion of  water.  Reference  books:  Public  Water  Supplies,  Turneaure  and  Russell 
— Water  Power  Engineering,  Mead — Irrigation  Engineering,  Wilson. 
Pre-requisite:    26,  59,  75. 

99-100 — Graduation  Thesis.  A  project  or  thesis  on  some  civil 
engineering  subject,  approved  by  the  head  of  the  department,  is  re- 
quired of  every  candidate  for  the  degree  of  Civil  Engineer. 

Advanced   Courses 

The  advanced  courses  in  the  department  of  Civil  Engineering  qualify- 
ing for  the  University  degrees  of  Master  of  Arts  and  Doctor  of 
Philosophy  (those  courses  which  fulfill  the  residence  requirements)  are 
the  following: 

I53-I54 — Elasticity  and  Resistance  of  Materials.    Half  course. 

257-258 — Elastic  and  Masonry  Arches.  Open  to  those  who  have 
taken  57-58«    Conferences,  reading  and  design  work,  as  required.    Half 


275-276 — Hydraulics  (75  with  additional  reading).    Half  course. 

285-286 — Foundations,  including  theory  of  earth  pressure  (85  with 
additional    reading).      Half   course. 

287-288— Long  Span  Bridges.  Open  to  those  who  have  taken  Civil 
Engineering  87-88.  Conferences,  with  reading  and  design  work  as 
required.    Half  course. 
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291-292— Railroad  Location:  advanced  work  in  the  Economics  of 
Railroad  Location,  including  a  study  of  railroad  operation  with 
special  reference  to  the  application  of  the  economic  principles  in 
the  re-location  of  some  existing  railway  or  the  location  of  a  pro- 
posed road.  Plans,  Profiles  and  Estimates.  Pre-requisite:  Courses 
89-90.     Half  course. 

259-260— Sanitary  Engineering.     Pre-requisite:  Courses  59,  94,  08. 

Full  course. 

277-278-Hydraulic  Engineering,  including  the  hydraulics  of  rivers 
and  power  plants  and  municipal  water-works.     Full  course. 

289-290-The  Engineering  of  Structures,  including  long  span 
bridges  and  deep  foundations,  with  methods  of  building  them,  and  ad- 
vanced work  in  Elasticity  and  Resistance  of  materials.     Full  course. 

293-294-Railroad  Engineering:  the  design  of  the  Permanent 
Way,  including  plans  and  specifications  for  roadbed,  tunnels  and 
culverts,  track  and  track  structures,  yard  and  station  layouts,  block 
signals  and  interlocking.  Pre-requisite:  Courses  53-54,  58,  75,  85, 
87-88,  89-90,  and  Mining  53.    Full  course. 

DRAFTING 

The  drafting  rooms  and  offices,  situated  on  the  fourth  floor  of  the 
Engineering  building,  are  equipped  with  a  standard  form  of  drafting 
table,  and  have  a  seating  capacity  for  175  students. 

The  collections  of  the  department  contain  a  complete  set  of  models 
illustrating  problems  in  projections  and  descriptive  geometry,  as  well 
as  the  usual  charts,  blue  prints,  and  models  for  use  in  the  lecture  and 
drafting  rooms.  A  special  feature  of  the  collection  is  a  full  set  of 
Olivier  models  illustrating  the  warped  surfaces  and  problems  in  inter- 
sections and  tangencies. 

1,  2— Drafting.     1  hour  and  14  hours  drafting. 

», SaA  ,E}^m.ents  °f  mechanical  drafting— Use  of  instruments;  plane  problems-  free 
S.  ottering;  dimensioning;  (&)  Projections-Orthographic  projection;  intersec- 
tions; developments;  problems  in  descriptive  geometry;  isometric  projection -cab- 
inet projection;  (c)  Machine  drafting-Conventional  signs  for  materials  of  con 
f^CV^n'TSketChin?  °lr machin?  details-  Working  drawings;  tracTngs;  blue  prTnt 
ing;   {d)   Topography— Conventional  signs;   hill  shading;   mapping. 

3»  4— Descriptive  Geometry.    3  hours. 

.Problems  on  point,  line,  and  plane;  classification  of  surfaces;  tangent  olanes  to 
wTrftdTurrVfadceSS.UrfaCeS   ^   '***"**   °f    revolutio^    intersectiontr^eJoSSStK 

5,  6— Drafting.    6  hours.     Professors  Mayer,  Miller  and  Harring- 


ton 


wing-wSl?PahrcheIShadeS   "^   shadows;   Perspective;    (6)    Stone   cutting-Buttress; 
Pre-requisite:    Drafting  1-2,  3-4. 
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7,  8— Drafting.  6  hours.  Professors  Mayer,  Miller  and  Harring- 
ton. 

(a)  Structural  drafting — Standard  rolled  sections;  conventional  riveting  signs- 
standard  connections;  methods  of  framing  and  detailing  structural  work-  beams' 
columns;  plate  girder;  roof  trusses;  bridge  details;  (b)  Machine  drafting— Work- 
ing drawings;  tracing  and  blue  prints  of  machine  details;  boiler  and  engine-room 
layouts,  etc. 

Prerequisite:    Drafting  1-2,  3-4. 


ECONOMICS 

2 — 3  hours.     Professor  Seager  and  Dr.  Haig. 

Introduction  to  Economics.  Lectures,  reading  and  text-book  discussion.  In 
this  course  the  fundamental  principles  of  economics  are  studied  with  particular 
reference  to  their  application  to  current  economic  and  social  problems  in  the 
United  States,  and  with  special  regard  to  the  needs  of  students  in  engineering. 
Third-year  students  in  Electrical  and  fourth-year  students  in  Mechanical  Engi- 
neering. 

ELECTRICAL  ENGINEERING 

2 — Elements  of  the  Dynamo.  2  hours.  Professors  Arendt,  More- 
croft  and  Mr.  Hehre.     (i  quiz  period  for  E.E.  students.) 

A  general  consideration  of  the  principles  and  parts  of  Dynamo  Electric  Ma- 
chinery. History,  definition  of  dynamo  and  motor,  reversibility  of  functions, 
magnetic  field,  magneto-motive-force,  hysteresis,  elementary  dynamo,  generation 
of  e.m.f.,  collector  rings  and  commutator.  Parts  of  the  dynamo;  the  magnetic 
circuit,  materials  and  function.  The  armature  core:  materials,  eddy  currents, 
forms,  construction.  The  armature  winding,  material,  function,  multiplication  of 
electro-motive-force,  types.  The  commutator:  materials  and  construction.  Brushes: 
function,  materials  and  supports.  Field  frame:  materials,  forms,  development  of 
magnetic  flux,  windings,  magnetic  leakage.  Armature  reaction:  cause  of,  back 
and  cross  ampere  turns,  brush  shifting,  sparking  at  brushes  and  remedies.  Action 
of  different  types  of  dynamos,  and  typical  forms.  Text-books:  Vol.  I;  Sheldon's 
Dynamo-Electric  Machinery;  Moncroft's  Continuous  and  Alternating  Current  Ma- 
chinery. 

Pre-requisite:     Physics  3-4   and   5. 

4 — Electric  Distribution.     2  hours.     Professor  Slichter. 

Principles  and  Methods  of  transmitting,  distributing  and  controlling  direct  cur- 
rents.  Introductory,  direct  current  series  and  parallel  systems,  feeders  and  mains, 
voltage    regulation,    networks,   high   tension    d.c.    systems. 

Principles  of  alternating  currents,  self  and  mutual  inductance,  capacity,  imped- 
ance, effective  values  of  current  and  voltage,  phase  angle  and  power  factor.  Text- 
book:   Crocker's  Electric  Lighting,   Vol.   II. 

For  E.M.,   C.E.,  Met.E.,  Chem.E.  and  San.E.   students. 
Pre-requisite:  E.E.  2,  Phys.  5. 

5— Alternating  Current  Engineering.  105  abridged  for  C.E.  stu- 
dents.    1  hour.     Professor  Arendt. 

52— Design  of  Direct-Current  Machinery.  2  hours  and  1  afternoon. 
Professor  Arendt. 

Application  of  electrical  and  mechanical  theory  to  the  design  and  calculation  of 
D.  C.  machinery  with  complete  and  original  designs  of  generators  or  motors  in 
accordance  with  specifications,  requiring  all  calculations  and  working  drawings. 
Reference  books:  Thompson's  Design  of  Dynamos,  Cramp's  Continuous  Current 
Machine  Design;  Arnold's   Gleichstrom-machinen,  Vols.    1   and  2. 

Pre-requisite:    E.E.  2  and  101.     Parallel  course:  E.E.  173-174. 
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54— Design  of  Alternating-Current  Machinery.  2  hours  and  1  after- 
noon.    Professor  Slichter. 

H-Jhe   «|PP1Hc.atl'on  o*  alternating  current  theory  and  practical  data  to  the  calcula 
ldSSEttJtlS'&J?   1°5  **   ******  1°8'     Para"el   «— ' 

72— Direct-Current  Laboratory.    1  hour  and  1  afternoon.    Messrs. 
PIehre,  Mason  and  Assistants. 


>ns,   character  nd  d?termInat?on 

of    commercial    efficiency    by    brake    tests.      The    results    of    these    experiments    ar" 

handed  in  as  reports   which   are   returned  promptly   to  the  students    with  Comments 

Tnefting!reCUOnS'      TeXt-b°0k:    Morecroft    ^d    Hehre:    Short    Cousin   EliSriial 

Pre-requisite:  Phys.  5,  43  and  44  and  E.E.  2. 

73— Direct-Current  Laboratory  Work,     i  afternoon.     Mr.  Hehre. 

Short  course   for  students  in   Mechanical   Engineering.      Same  as  72. 

Pre-requisite:  Phys.  5,  43  and  44  and  E.E.  2  with  parallel  course  E.E.   101. 

75— Alternating-Current  Laboratory,    i  hour  and  I  afternoon.    Pro- 
fessor Morecroft  and  Messrs.  Hehre,  Mason  and  Assistants. 

Short  course  for  Mining  and  Mechanical  Engineering  students.  The  experi- 
ments cover  the  following:  Study  of  Elementary  phenomena  of  alternating  current 
circuits  with  determination  of  inductance,  capacity,  impedance,  true  watts,  appar- 
ent watts  and  power  factor.  Study  of  an  Alternator,  its  operation,  characteristic 
curves  and  wave  form  Transformers:  Their  operation  and  commercial  efficiency. 
Induction  motors:  Characteristics  and  efficiency  by  brake  tests.  Synchronous 
motors,  their  operation  under  various  conditions  and  characteristic  curves  Rotary 
converters,  operation  under  various  conditions  of  load  and  power  factor  (direct 
and  inverted).  Alternators  in  parallel,  division  of  load  and  conditions  for  maxi- 
mum economy.  The  student  is  required  to  prepare  a  report  upon  each  experiment 
which  is  promptly  corrected  and  returned  to  him  for  his  instruction.  Text-book- 
Morecroft  and  Hehre.— Short  Course  in  Electrical  Testing. 
Prerequisite:    E.  E.  72  or  73  and  4  or  104. 

76— Alternating-Current  Laboratory,  i  hour  and  I  afternoon.  Pro- 
fessor Morecroft  and  Assistants. 

Short  course  for   Civil  Engineers.     Same  as  75. 
Pre-requisite:  E.E.  4  or  104  and  72  or  73. 

98— Thesis.  Original  investigation  of  and  report  on  some  problem 
of  Electrical  Engineering,  approved  of  by  the  head  of  the  department. 
Optional. 

101— Generator  and  Motor  Practice.  3  hours.  Professor  Slichter 
and  Mr.  Hehre. 

A  course  of  lectures  parallel  to  and  descriptive  of  D.  C.  laboratory  work.  Short 
circuits  and  protective  devices.  Instruments:  construction  and  use.  Armature- 
e.  m  t.  current,  resistance  of,  voltage  drop  in,  windings  and  connections.  Com- 
mutator: function,  construction  heating,  sparking,  collecting  brushes  and  holders 
Magnetic  circuit:  calculation  of  flux  and  field  windings.  Heating  of  field  and 
armature.      Characteristics    of   the    various    types    of    generators   and    methods    of 
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regulation.      Motors,    theory    of  action    and   types.      Methods    of   control    and    speed 
regulation.       Losses    and    determination    of    efficiency    by    brake,    stray    power    and 
pumping  back  methods.     Text-books:   Sheldon's  Dynamo-Electric  Machinery. 
Pre-requisite:    Fhys.  5  and  E.  E.  2. 

103— Electric   Motors.     3  hours.     Professor  Arendt. 

(For  E.E.)  Electric  motors,  their  action,  control  and  application.  Introductory. 
Classification  of  work  requirements.  Shunt  Motors:  Characteristics,  predetermina- 
tion of  action,  and  efficiency,  methods  of  speed  control  and  regulation,  rheostatic, 
field  weakening,  multiple  voltage,  double  armature  and  teaser  system.  Series 
Motors:  Connections,  predetermination  of  characteristics  and  efficiency,  control: 
rheostatic,  field  weakening,  double  armature  and  series  parallel.  Compound  motor', 
characteristics  and  methods  of  control.  Alternating  current  motors  introductory. 
Commutator  A.  C.  motors,  series  and  repulsion  types,  characteristics  and  control. 
Synchronous  Motors,  characteristics  and  control.  Induction  Motors,  single  and 
polyphase,  characteristics,  methods  of  starting,  speed  control  and  regulation.  Elec- 
tric Drive,  advantages  of  and  application  to  machine  tools,  cranes,  elevators, 
presses,  pumps,  fans,  wood  working  and  mill  work.  Text-book:  Electric  Motors' 
by   Crocker  and  Arendt. 

Pre-requisite:   E.E.   104,  173  and  174.     Parallel  courses:   E.E.   105  and  175- 
176. 

103A— Electric  Motors.     2  hours.     Professor  Arendt. 

Electric  Motors,  their  action,  control  and  application.  103  abridged  for  Me- 
chanical Engineering  Students. 

Pre-requisite:   E.E.   104  and  73.     Parallel  course:   E.E.   105A. 

104 — Electric  Distribution.    3  hours.    Professor  Arendt. 

Principles  and  methods  of  transmitting,  distributing  and  controlling  direct  and 
alternating  currents.  Introductory,  Physical  properties  of  conductors,  direct- 
current  series  and  parallel  systems  of  distribution,  feeders  and  mains,  voltage  regu- 
lation,  three-wire  systems,  high   voltage  direct-current  systems,   network  systems. 

Principles  of  alternating  currents,  study  of  wave  shapes,  inductance,  capacity, 
phase  angle,  effective  values  of  electromotive  force  and  current,  power  factor, 
resonance,  simple  circuits,  parallel  circuits,  line  inductance  and  distributed  capacity, 
calculation  of  single  phase  circuits.  Text-book:  Crocker's  Electric  Lighting,  Vol.  II. 
For  third  year  E.   E.  and  M.    E.   students. 

Pre-requisite:  Phys.  5  and  E.E.  2  and  101. 

105— Alternating-Current  Engineering.  3  hours.  Professor 
Slichter. 

Electric  power  systems,  including  translating,  controlling  and  transmitting  equip- 
ments. _  Constant  potential  and  constant  current  transformers,  principles,  efficiency, 
regulation  and  protection.  Polyphase  systems  of  generation,  two  phase  and  three 
phase,  economy  of  generators,  of  transmission,  and  conversion  from  one  system  to 
another.  Calculation  of  alternating  current  transmission  lines,  regulation  of  volt- 
age and  power  factor  of  systems.  Text-book:  Steinmetz's  Electrical  Engineering. 
Pre-requisite:    E.E.   101  and  104. 

105A — Alternating- Current  Engineering.  2  hours.  Professor 
Slichter. 

105  abridged   for   Mechanical   Engineering   students. 
Pre-requisite:  E.  E.   101   and  104. 

106 — Electric  Plants.  2  hours.  Professors  Slichter  and  Arendt 
and  special  lecturers. 

Management  of  electric  plants  and  industrial  enterprises.  Switch  boards,  ma- 
terials, apparatus  used  upon,  location  and  types.  Line  construction  and  protection, 
pole  lines,  cable  and  conduit  systems,  methods  of  charging  for  electric  power, 
operating  expenses,  sources  of  income,  organization  and  administration  of  cor- 
porations, reports,  specifications,  contracts,  insurance  regulations,  patents  and 
statistics. 

Pre-requisite:     E.  E.  104  and  105. 
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108— Plant  Inspection.    3  hours.    Professors  Slichter  and  Arendt. 

Pre-requisite:    E.   E.   104,  173-174.     Parallel  course:    E.   E.  105  and  106. 
log-no— Telegraphy  and  Telephony,   i  hour.      Professor  Arendt. 

The  principal  methods  and  instruments  employed  in  telegraphy,  teleohonv  and 
electric  signalling.  Telegraphy:  Historical  review,  Morse  systems,  relays  Sd 
rluJl"*'  frth  ?rCUltS'  St,ati°?  ^"P^nts,  repeaters,  different  a?  and  polarized 
fnl  £*«♦  PlCX  SKyStei?s'  q«adruplex  systems,  telegraphy  from  moving  bodies,  record- 
S,  fZ't/"  I113'"16  cables  and  telegraph  circuits.  Wireless  telegraphy:  Genera- 
WUtnrLl  -Cal  WnVn?'   SlmpIe   *ransmi"»nK  and   receiving  apparatus.      Telephony: 

Sn^^IrreVieW'  ?^f  T-°rk>  tl\e  magneto-telephone,  the  microphone  and  carbon 
transmitters,  use  of  induction  coils,  call  methods,  series  and  parallel  circuits  sub. 
«rhaen^eqUIRment,*1,ne  dist"rba»ces.  common  battery  systems  suhscribeA  and 
£w,n£  ,  ^P™6"*'     Par  y    »"<*.    automatic    systems,     combined    telegraphy    and 

5S^>*SSSp^.llkwrt  American  lelesraph  Practice  and  Miller'° 

Pre-requisite:    E.  E.  104. 

ii2— Electric  Railway.     2  hours.     Professor  Slichter. 

svftem?1  teSUSS?  in  .calcu,atjon-  installation  and  operation  of  electric  railway 
JZrt?  «^   I       ■  71CW    and    early    development.       Train    resistances    due    to 

Sceed  S5i  rnar"!!g  Tf^"'  t™™?*  ^adcs- ,  a"d  air.  Acceleration  and  breaking 
t«rt  rnn^fr  ^  CS' k  Mi)-t°rS  {°J  r,aiIwa?  ^°rk'  Controllers.  Distribution  system!, 
track  construction,  bonding  and  electrolysis.  Trucks,  wheels  and  car  bodies  Con 
J  "™tf  battery  and  third  rail  systems.  Electric  locomotives  and  multirfe 
unit  control.      lesting  railway  equipments.      Financial  considerations. 

E.PEe4  and'^S  ^  E*  E*  students  E'   E'  104  and  173-174;  for  C.  E.  students 

173-174— Direct  Current  Laboratory.  6  hours  (2  afternoons). 
Mr.  Hehre  and  Assistants. 

nf^Wt™™Cnrn  Ufe  accurate  use  of  voltmeters  and  ammeters  for  the  measurement 
circuits  o?  pWtHr?  and.current;  Determination  of  .resistance  of  the  electrical 
mlthnL  n^nJlvi  ™ach,neiT,  bv  ''drop,"  .  comparison  and  direct  deflection 
^tnr.  "p  r  9  Wheatftone  ^.dge  for  determination  of  high  resistance.  2.  Gen- 
f^u°  -trehminary  study  to  bring  out  relations  between  speed,  field  strength  and 
2?'  Operation  of  shunt,,  series  and  compound-wound  generators  with  deter- 
mmation  of  characteristic  action  of  each  type.  Distribution  of  potential  around 
commutator  and.  distorting  effects  due  to  armature  reaction.  3.  Motors:  Func- 
tion and  operation  of  starting  boxes,  study  of  motors,  existence  and  measure- 
ment of  ce.m.f.  operation  of  shunt,  series,  compound  and  differentially  wound 
motors,  determination  of  speed-load  curves  of  each  type.  Efficiency  tests  by  brake 
fn  n P  ei?1iCt,0n  Mmeih0d|-  4'  °P.eration  of  shunt  and  compound-wound  generators 
in  parallel  methods  of  connecting,  distribution  of  load,  effects  of  individual  dif- 
ferences, etc.  5  Heat  runs,  to  determine  load  capacity  and  efficiency  of  genera- 
lrlLr^d.m9t0rt  bV  PuinP>ng-back"  tests.  6.  Tests  on  constant  current  arc  gen- 
of  railwayrmotor°s°  elc5'  balanCer  Sets'  three"wire  machines,  series-parallel  control 
Pre-requisite:    Phys.  5,  43  and  44  and  E.E.  2.    Parallel  course:  E.E.  101. 

175-176— Alternating-Current  Laboratory.  1  hour  lecture  and  6 
hours  laboratory  practice  (one  whole  day)  first  term,  1  hour  lecture 
and  6  hours  laboratory  practice  (2  afternoons)  second  term.  Profes- 
sor MORECROFT. 

1.  Alternating  current  circuits;  determination  of  inductance,  capacity,  impedance 
phase  relations,  true  and  apparent  watts  and  power  factor.  2.  Alternators;  opera- 
tion at  different  power  factors,  magnetization  curves,  determination  of  losses  and 
synchronous  impedance,  field  compounding,  etc.  3.  Alternators  in  Parallel:  di- 
vision of  load,  cross  currents  and  adjustment  of  excitation  for  maximum  economy. 
4.  {synchronous  Motors:  Methods  of  synchronizing,  efficiency,  action  under  varyina 
conditions  of  load  and  field  current.  5.  Rotary  converters:  Methods  of  starting, 
operation  direct  and  inverted,  compounding,  determination  of  voltage  ratios  regu- 
lating pole  rotary  and  determination  of  efficiency.  6.  Transformers:  operation  de- 
termination  of  losses,   regulation,   heating  and  efficiency.      Use   as  induction  regu- 
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lators  and  phase  changers.  7.  Wave  Forms:  determination  of  wave  shapes  and 
phase  relations  of  electromotive-force  and  current  in  relative  and  non-relative  cir- 
cuits as  well  as  in  the  primary  and  secondary  circuits  of  transformers  by  instan- 
taneous contact  and  oscillograph  methods.  8.  Resonance:  by  means  of  inductance 
and  capacity  in  series,  by  inductance  and  leading  current  produced  by  synchronous 
motors,  with  application  to  transmission  lines  and  rotary  converter  regulation. 
9.  Induction  Motors:  methods  of  starting,  characteristic  curves,  determination  of 
losses  and  efficiency  by  brake  tests,  application  of  circle  diagram  and  use  as  fre- 
quency changer.  10.  Induction  Generator:  operation  and  determination  of  the 
external  characteristic.  11.  Single-phase  commutator  motors,  comparison  of  opera- 
tion on  a.c.  and  d.c.  circuits;  predetermination  of  characteristics  by  diagram. 
12.  Study  of  mercury  arc  rectifiers  with  curve  analysis  by  ondograph  and  oscillo- 
graph.    Text-book:   Morecroft's  Laboratory  Manual  for  Alternating  Currents. 

Pre-requisite:  E.   E.   104  and  173-174.     Parallel  courses:  E.  E.  103  and  105; 
Mech.  109  and  110. 

177— Instrument  Laboratory.   1  hour  and  2  afternoons.  Mr.  Mason. 

1.  Calibration  of  ammeters  by  comparison  with  laboratory  standards.  Kelvin 
balances,  Siemens'  dynamometers,  and  potentiometers.  2.  Calibration  of  volt- 
meters. 3.  Calibration,  adjustment  and  determination  of  constants  of  A.  C.  and 
D.  C.  watt-hour  meters,  by  various  methods.  4.  Determination  of  resistances:  by 
Wheatstone  bridge  and  potentiometer  methods.  5.  Measurements  of  Inductance 
and  capacity.^  a.  By  comparison  with  standards  using  A.  C.  bridge,  b.  By  abso- 
lute method,  including  determination  of  constants  of  ballistic  galvanometer.  6.  Mag- 
netic measurements.  Determination  of  coefficient  of  magnetic  leakage  of  generator 
or  motor.  Determination  of  the  permeability  of  samples  of  iron  and  steel,  a.  By 
Hopkinson's  method,  b.  By  Ewing  double  bridge  method.  c.  A.  C.  voltmeter 
method.  d.  Direct  reading  voltmeter  method.  Determination  of  Hysteresis  by 
Hopkinson's  Double  bridge.  Voltmeter  and  Ewing  tester  methods.  7.  Storage  Bat- 
tery Testing.  Determination  of  normal  rate  of  discharge,  capacity  and  efficiency 
at  normal  rates,  capacity  at  various  rates.  Constant  current  and  constant  potential 
methods  of  charging,  weight  efficiency  and  losses  on  standing.  8.  Photometry. 
a.  Proving  gas  meters  and  determination  of  candle  power  of  gas  against  standard 
candles,  b.  Candle  power  incandescent  lamps  using  standard  candle,  c.  Distribu- 
tion of  light  from  an  incandescent  lamp,  using  secondary  standard,  d.  Determina- 
tion of  mean  spherical  and  mean  hemispherical  candle  power  of  an  incandescent 
lamp.  e.  Relations  between  voltage,  candle  power,  efficiency  and  life  of  incan- 
descent lamps.  Arc  lamp  photometry.  9.  Cable  Testing,  a.  To  determine  insula- 
tion resistance;  induction  and  capacity,     b.  To  determine  location  of  faults.    ' 

Pre-requisite:    E.E.    173-174,    E.E.    104    (Electric   Distribution). 

Graduate  Courses 

101,  104  and  173-174 — Dynamo  and  Motor  Practice,  Electrical 
Distribution  and  D.  C.  Electrical  Laboratory.  3  hours  lecture  and 
6  hours  laboratory.     Full  course. 

Pre-requisite:    Phys.  5,  43  and  44  and  E.E.  2. 

I75_I76 — Alternating-Current  Laboratory.  With  Mechanics  109 
and  no.  5  hours  first  half-year,  4  hours  second  half-year  and  2  after- 
noons.    Full  course. 

Pre-requisite:    E.  E.  104,  173-174.  and  Mechanics  108. 

103,  105,  106,  175-176 — Electric  Motors,  Alternating  Current  Engi- 
neering and  Electric  Plants,  and  Electrical  Laboratory.  7  hours, 
2  afternoons  first  half-year;  3  hours,  2  afternoons  second  half-year. 
Double  course. 

Pre-requisite:    E.  E.  104,  173-174. 
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GEOLOGY 

4— Petrography.    2  afternoons  two  months  of  the  second  half,  third 
year.     Professor  Berkey. 
A  short  course  in  the   microscopic  study   of  rocks. 
Pre-requisite:    Mineralogy  6. 

5-6— General  Geology.     3  hours  lectures,  second  year.     Professors 
Kemp,  Grabau  and  Berkey. 

aI «5  ,{alf.-ye,ar  Physical  geology,  with  practical  work  in  the  rock  collections  under 
the  lithological  part  of  the  subject;  second  half-year,  Btratigraphical  and  historic^ 
geoogy,  involving  laboratory  work  with  index  fossils  and  collections  illustra in?  the 

fSSfflJL^o  G^dgyStateS'    TeXt-b°0ks:  Kemp's  Handbook  of  Rock^  Scott'° 

Pre-requisite:      Mineralogy   1-2. 

15— Elementary  Palaeontology.     Professor  Grabau. 

An  introduction  to  the  study  of  fossils.     1  hour  lecture  and  2  hours  laboratory. 

16— Index  Fossils.  1  hour  lecture,  6  hours  laboratory,  second  term. 
Professor  Grabau  and  Mr.  Knight. 

of^orthyAmeric    invertebrate  fossils  characteristic  of  the  various  geologic  horizons 
Pre-requisite:    Geology  5-6. 

18 — General  Geology.     Professor  Berkey. 

A  general  discussion  of  dynamical,  structural  and  historical  geology,  with  prac- 
tical work  in  the  rock  collections  and  assigned  field  work  on  Saturdays  during  the 
last  six  weeks.  Special  course  during  the  second  half-year  for  students  in  Civil 
b.ngineenng  only. 

Pre-requisite:     Mineralogy  5. 

51— Principles  of  Geology.  2  lectures  per  week.  Professors  Grabau 
and  Berkey. 

Principles  of  the  formation  of  sedimentary  deposits,  involving  a  discussion  of 
marine  and  continental  sedimentation,  the  criteria  by  which  various  sediments  can 
be  recognized  methods  of  preservation  of  organic  remains,  and  the  principles  of 
geographic  and  geologic  distribution  of  organisms.  Principles  of  correlation.  Text- 
book: Grabau's  Principles  of  Stratigraphy. 
Pre-requisite:    Geology  5-6  or  18. 

52 — Principles  of  Geology.  2  lectures  per  week,  second  term.  Pro- 
fessors Grabau  and  Berkey. 

A    discussion     of    secondary    structural    features;    and    of    formation    of    folds, 
taults,   etc.      Vulcanism,   metamorphism,   secondary   mineralization. 
Pre-requisite:    Geology  5-6  or  18. 

101— Applied  Petrography.  2  hours  lectures  and  1  afternoon 
laboratory  work.     Professor  Berkey. 

Interpretation   of   rocks   based   on   microscopic   study.      Rock   origin,   history,   and 
present  condition.     Problems  connected  with  ore  deposits.     Special  course  first  half- 
year   for   students   in   Mining    Engineering. 
Pre-requisite:    Geology  4. 

102— Petrography  of  the  Ores.    Professor  Berkey. 

This  course  is  intended  only  for  advanced  students  in  petrography  and  economic 
geology.     The  chief  object  is  to  furnish  a  petrographic  basis  for  the  determination  of 
the  composition,  structure  and  genesis  of  ores  and  ore  deposits. 
Pre-requisite:    Geology  4,  101,  105  and  106. 
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105-106 — Economic  Geology.  3  hours  lectures  and  one  elective 
conference,  third  year.     Professor  Kemp. 

First  half-year,  discussion  of  the  general  features  and  formation  of  ore  bodies, 
followed  by  a  description  of  the  deposits  of  the  ores  of  iron,  copper,  lead,  zinc, 
silver,  gold,  and  the  lesser  metals,  with  especial  reference  to  North  America;  sec- 
ond half-year,  a  description  of  the  distribution  and  occurrences  of  coal,  petroleum, 
natural  gas,  asphalt,  building-stone,  water  supply,  salines,  and  minor  minerals. 
Text-book:  Kemp's  Ore  Deposits  of  the  United  States  and  Canada,  and  lecture 
notes  privately  printed. 

Pre-requisite:    Geology   5-6. 

107-108— Invertebrate  Palaeontology.  2  hours  lecture  and  4  hours 
or  more  laboratory.    Professor  Grabau  and  Mr.  Knight. 

First  part  of  the  course  deals  with  the  principles  of  palaeontology;  methods  of 
study  of  the  ontogeny  of  hard  parts  of  animals,  and  the  laws  of  morphogenesis. 
This  is  followed  by  a  consideration  of  the  classes  of  invertebrates  important  from 
a  palaeontologist's  point  of  view,  emphasis  being  laid  on  the  features  which  show 
genetic  relationship.  Special  attention  is  given  to  groups  whose  evolution  has 
been  worked  out.  Text-book:  Zittel-Eastman,  Text-book  of  Palaeontology,  Vol.  I. 
Pre-requisite:    Antecedent  work  in  Geology. 

no — Geological  Examinations  and  Surveys.  2  hours,  second  half 
fourth  year.     Professor  Kemp. 

A  discussion  of  the  methods  of  systematically  recording  and  interpreting  geo- 
logical phenomena,  with  illustrations  drawn  from  experience  in  mining  and  other 
branches  of  engineering;  and  of  the  organization  and  scope  of  geological  surveys 
on  a  larger  scale.  This  is  followed  by  a  sketch  of  the  history  and  results  of  state 
and  national  geological  surveys  in  this  and  other  countries;  and  of  other  sources  of 
detailed  information  regarding  local  geology. 
Pre-requisite:    Geology  105-106. 

112 — Field  Geology.       All  the  officers  of  the  Department. 

A  summer  course  of  a  week  or  ten  days  near  New  York  for  students  in  the 
course  of  Mining  Engineering.  Graduate  students  in  the  department  may  join  the 
party.  Instruction  is  given  in  the  field  in  observing,  recording,  and  interpreting 
geological  phenomena  and  in  the  preparation  of  maps  and  sections.  A  written 
report   is    required. 

Pre-requisite:    Geology  5-6. 

Geology  105-6  is  desirable  although  not  required. 

201-202 — Petrology.  2  hours  lectures  and  4  hours  laboratory,  fourth 
year.     Professors  Kemp  and  Berkey. 

A  discussion   of  the  origin,  microscopic  structure,    and  mineralogical  composition 
of  the   crystalline   rocks,   and  of   metamorphism. 
Pre-requisite:     Geology  4. 

205-206 — Comparative  Geology  of  North  America.  A  compre- 
hensive discussion  of  the  geological  formations  and  structure  of  the 
North  American  Continent.  3  hours  lectures  and  3  hours  laboratory, 
with  reading.     Professors  Kemp  and  Grabau. 

Pre-requisite:    Geology  5-6  and   16. 

LAW 
Business  Law.    2  hours.     Professor  Gifford. 

A  discussion  of  the  elementary  rules  of  law  governing  business  transactions, 
including  contracts,  agency,  commercial  paper,  sales,  suretyship,  bailments,  torts, 
partnership,  corporations.  The  rules  of  law  are  developed  and  illustrated  by  ex- 
amples taken  from  the  law  reports,  and  dealing  with  situations  such  as  engineers 
have  in   fact   met  and   are   apt   to  meet  in  the  practice    of  their    profession. 
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MATHEMATICS 
i— Algebra.    3  hours. 

3— Analytic  Geometry.    3  hours. 

64— Calculus.     5   hours. 

A^^n^r^^^g™***  ««  reference  should  be  made  to  the 
Pre-requisite:   3    (or   4),    and   64    (or  67). 

67-Calculus.    Professors  Maclay  and  Grove. 

Equivalent  of  64.     First  term. 

68-Calculus.    Professors  Maclay  and  Grove 

Equivalent   of   65.     Second   term. 

MECHANICAL    ENGINEERING 

""^rU8""  P°Ter  Machinery«    3  hours,  with  1  afternoon  in  the 
second  half-year  only.     Professors  Lucke  and  Preston 

firing  coal,  coal  handling ^  machinery  S  ?  ,7n£,  ?//  receiving,  storing  and 
tion  of  coal;  smokeless  "combustion  and  smoke  ordinnnlc"'^"3  1°*  the  corabus" 
boilers,  flues,  dampers  and  the  generation of  «p,J«  "J  fl°w  °f  gases  through 
and  steam  jets.  The  const  Action  and  Speratiori  of ar7  -fraft  ^y  chimneys,  fans 
foundat.ons.  Methods  and  apparatus  for  feeding  w^r?KS!i  b°der  sett,ngs  and 
attachments  and  trimmings,  'flow  of  steam  from  K/,  *?  b°'le!"S'  nece|sary  boiler 
mg  of  engines  and  boilers  piping  valves  fit,!™*  a* "•  t0  cng'n.es  and  the  group- 
of  boiler  feed  water  in  feed  wLtfr  belter',  a"  f  a"d  -P'pe  co£e"ng-  The  heating 
feed  water  and  effect"  of  impure  wa?e on the  bo^w"^'-!  Pu7ficatT  °f  b°i,e? 
inspection  laws.     Boiler  explosions      StL  ni       ,  '      Boiler  strength    tests   and 

traps,  separators,  steam  "eating1  d  s?u  r  £"/  r"  "^  drainage-  -Steara 
steam   engines    by   jet,   surface     elector   anrf   Wnl    ■  C°ndensing   operation   of 

and.  types  of  circulating,  hot-well  and  dry  v?™»£C  n0™*™**1?'  ^^ity  for 
Typical  steam  engines  and  the  variations  i?^"^  P»mP\  and  cooling  towers, 
parts.  .Engine  valves  of  simple  a  f  om  t^for,  tel  ^^^^  their  'mPortant 
of  engine  and  valve  gear  to  its  econnZ  w;,?'  relation  between  construction 
for   reserving  and  former '  contrS L     Regulation  of  ^11!^/°'  h!gh   eC°n°my> 

Second   year   mechanical  and   third   year    chemical   engineering  students 
Pre-requisite:     Physics   3-4.  H" 

13-14— Steam  Power  Machinery.    3  hours.     Professors  Lucke  and 
Preston. 

Pre-requisite:     Physics   3-4. 

'7''8~Engineering  Thermodynamics.    2  hours.    Professors  Lucke 
and  Thurston. 
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of  surface  evaporation,  ebullition  and  condensation.  Properties  of  saturated  and 
superheated  vapors.  Combustion  of  fuels,  calorific  power,  quantities  of  air  for 
combustion.  Temperature  of  combustion.  Boiler  efficiency  and  conditions  affect- 
ing. Principles  of  chimney  draft.  Laws  of  expansion  and  compression  of  gases. 
Work  and  heat  diagrams  to  pressure  volumes  and  temperature  entropy  co-ordiriate9. 
Air  and  wet  vapor  compression.  Expansion  of  steam  by  hypothetic,  adiabatic  and 
saturation  laws  and  application  to  steam  engine  efficiency.  Missing  water  in 
steam  engines.  Influence  of  cylinder  condensation,  re-evaporation,  steam  jackets, 
initial  superheat,  compounding  and  reheating  on  steam  engine  efficiency.  Relation 
of  boiler  and  engine  performance.  Free  expansion  laws  and  application  to  injector 
and  steam  turbine  nozzles.  Heat  transformation  by  perfect  gases.  Hot  air,  gas 
and  oil  engine  efficiency.  Mechanical  refrigeration.  Effects  of  evaporation  of 
ammonia  and  carbonic  acid  and  expansion  of  air.  Heat  balances  and  combined 
efficiency  of  complex  systems. 

Third  year  Mechanical,  Electrical,  Civil,  and  fourth  year  Chemical  Engi- 
neering; Fourth  year  Sanitary,  first  term  only;  Fourth  year  Mining  Engineer- 
ing and  Met.E.  for  first  term. 

Pre -requisite:  M.E.  11-12  or  13-14. 

19-20— Engine    Design.      3    hours    and    2    afternoons.      Professor 
Rautenstrauch  and  Mr.  Moss. 

Advanced  Machine  Design  Based  on  the  Thermal  and  Mechanical  Problems  In- 
volved in  the  Design  of  a  Steam  Engine  for  Power,  Economy  and  Regulation — 
Determination  of  ideal  indicator  card,  probable  M.E.P.,  piston  speed,  R.P.M.,  and 
displacement  for  required  power,  selection,  of  single  or  multiple  expansion  con- 
struction from  economy  requirements,  limits  of  clearance,  cutoff,  release,  com- 
pression and  admission  for  type  of  valve  gear  selected.  Stresses  due  to  steam  and 
inertia  in  the  principal  parts.  Forms  and  proportions  of  the  parts  determined  by 
intensity,  distribution  and  nature  of  the  stresses,  properties  of  the  materials  and 
conditions  affecting  maintenance.  Determination  of  proportions  of  engine  parts. 
Design  of  fly-wheels  for  limiting  variation  in  velocity  and  analysis  of  resulting 
angular  variation.  Balancing  the  engine.  Valve  gears  and  governors,  determina- 
tion of  the  proportions  of  the  valve  for  predetermined  steam  distribution,  analysis 
of  valve  movements  and  moving  gear.  Graphic  representation  of  the  simultaneous 
events  of  valve  opening,  steam  velocities  and  piston  velocities.  Analysis  for  the 
effect  of  the  angularity  of  the  rod.  Equalizing  the  events  of  the  valve.  Analysis 
of  the  characteristics  of  the  shifting  eccentrics  and  the  resultant  variations  in  the 
valve  events.  Layout  of  the  Corliss  valve  gear  with  single  and  double  eccentric, 
and  proportions  of  the  mechanism.  Steam  engine  governors,  flyball  and  shaft 
governors,  limits  of  movement,  valve  gear  resistance.  Proportions  of  the  governor. 
Fourth  vear  Mechanical  Engineering. 
Pre-requisites:  M.E.   17-18,  39,   40. 

21  or  22— Gas  Power  Machinery.    4  hours  and  1  afternoon.    Pro- 
fessors Lucre  and  Thurston. 

Theoretical  and  Practical  Consideration  Affecting  the  Generation  of  Power  by 
Gas  Engines  Including  Oil  Vaporization,  Coal  Gasification  and  the  Design  of  the 
Machinery—Efficiency,  M.E.P.,  displacement  per  minute  per  I.H.P.  for  reference 
diagrams  Limitations  of  external  and  internal  heating.  Methods  of  explosive  and 
non-explosive  internal  heating.  Properties  of  explosive  gas  mixtures,  air  necessary, 
calorific  power  per  cu.  ft.  of  mixture;  temperature  of  combustion,  heat  suppression, 
efficiency  of  combustion,  pressure  and  volume  effects,  limitations  of  proportions, 
temperature  of  ignition,  rate  of  propagation,  the  explosive  wave.  Critical  exami- 
nation of  modern  gas  engine  forms  and  functions  of  parts;  means  for  mixing  and 
proportioning,  pressure  regulators,  ignition;  governors,  effects  on  the  engine  and 
mechanism;  starting  equipment ;exhaust  piping  and  muffling;  effects  of  back  pressure 
in  the  engine:  cooling;  preignition,  effect  of  cooling  on  economy.  Large  blast 
furnace  practice,  methods  of  gas  cleaning;  blast  furnace  gas,  quality.  Large  engine 
construction,  and  forms  of  parts.  Producer  gas  practice;  standard  producer  for 
anthracite  and  bituminous  coal,  characteristics;  gas,,  variation  in  quality,  effects 
on  the  engine;  methods  of  blasting  producers,  auxiliary  steam  supply  and  steam 
consumotion-  efficiency  and  rate  of  combustion  in  producer;  scrubbers  and  tar 
ex?rac?oPrs  Carburetors  and  vaporizers  for  liquid  fuel;  petroleum  distillates  crude 
ofl  and  denatured  alcohol,  vapor  tension  curves  for  liquid  fuels.  Characteristics 
of  modern  forms  of  gasoline  and  oil  engines,  gas  power  plant  arrangements  pro- 
ducer engines,  their  efficiency,  coal  consumption  and  comparison  with  steam  plants 
Complete  analysis  of  the  rating,  efficiency,  regulation  forces  acting  in  and 
strength  of  par  s  of  a  modern  gas  engine  Probable  indicator  .card,  inertia  of 
reciprocating  parts,  wrist  pin  and  turning,  effort  diagram.     Dimensions  of  all  parts. 

Fourth    year    Mechanical    Engineering. 

Must  parallel  M.E.  19. 
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given    load    curve.      Essential    rel.Z    u  ater    consumption    for   plant   on 

steam  plant  Steam  plan?  refinements  i^?^™^5  and  dimensions0  of  the 
fna^,-and.-rdationS  -between  dimensions  and  effect  g  fSe  of'L9/  Pa.rt  °/  complete 
m  estimating,  examination  of  cost  sheets  to  Her^r,™,!;  ?f  Un,t-  cos,ts  of  apparatus 
power.  Fixed  and  operating  charges ratio  of  ITrh  ■  Pr™S  Unit-  of  cost-  Cost  of 
effect  of  labor  and  fuel  rates,  load  factor  and  r\£LZn\Vdna\utem  t0-total  a,ld 
Value  of  refinements  of  design  on  basis of  cani£.;£rf  °,n  the   tractional  part. 

the  cost  of  waste  and  the  cost  of  it*  i?Jm,wP       -1  a?nual  saving  by  comparing 

drafting  room  or  the  deSg  of  existTn^^ner"!  P  i^l  S°r  a?si2ned  units  in  the 
the  bill  of  materials,  estimat iSg  the   first  !off   fix Jd^  of 

labor  and  supply  cost  for  an  a«,  i^rl  \u1a '  hxed  charges,  probable  coa  ,  water, 
so  designed  S?  ^taiwlre'^^ed  ov's  tu^^Ld'rLlZnl^T-  T^e  p,anti 
of  ioo  per  cent,  peak  and  50  per  cent  Sn  i  ii J  i„  5  5nerd  fof  an  Increase 
power  cost  reduction  by  the  use  of  nlant  ^fi™*  ?  °ad,  *ndJor.  the  maximum 
be  shown  that  additions  and  alteration ?  will S  Wifi  a".xlharies  wh^  &  can 
the  alteration  and  proposals  submitted  P  V'     SPecificatlons   are   written    for 

Fourth    year    Mechanical    Engineering. 

Pre-requisite:    M.E.    17-18 

noon'32p  Srdardr>TeStS  Md  ***™^  Methods.  ,  hour  and  1  after- 
noon.    Professor  Parr  and  .Mr.  Eddison. 

^^^^^^rtln^^^^^t^^  da'a-     derivation  of 

machines  with  computed  prediction  and  SZT  ,°f  actUa,1  Performance  of 
of  approach  for  the  solution  of '  p?ac^5il  nrohleTc  K  unkno.wn  elements.  Methods 
The  work  is  illustrated  by  problems  onP  the  flow  ^/T""?611'  and  comPutation. 
combustion,  transfer  of  heat  steam  Z.ntlln  ,  a  u°f  h(imds'  Sases  and  vapors, 
of  energy,  power  generatfnn  ^fn  ^!"atl°-n  and  changes  of  state,  transformation 
and  mechanical  ffeTproblemToSTn^"^  1°^"'  uthe.rma1'  hydraulic 
test,  involving  the  analysis  of  the D?olP|en I  1"! rVep°fVS  submitted  before  the 
quired  test  log.  based  on  class  room  .xn^i  attempted  prediction  and  the  re- 
tests  results  and  an  interSrSat^  2.  incorporated  with  the 
including  judgment  o f  errPora .  tc ^  constftutrfhefinafrTrrrt'11  T?  a"d  the  Potion, 
course  includes:  Pressure  gauges  manometpr,  1,^P  fThe  aPParatus  for  this 
cators,  tachometers,  planimelers barometer f  w^V.  i?10meiterS'  Pyrometers,  indi- 
for  water,  steam  and  air,  PiTot and  Vent,, H  iXc  *♦  Cha"nels'  n°ZZ,es  and  orifices 
meters,  dynamometers?  power -scales  viscos  meters  &r£M  8nd  7*"  pipi"g  and 
hydraulic  ram,  steam  iniectors  air  n»mn  w  *•  g-  S  aPParatus.  steam  traps, 
Pelton   wheel,  'centrfuga^pump,'  simP,PUmtPeam0engineeng,ne'    '^^    StCam    PUmpS« 

Third   year  Mechanical   Engineering. 

Pre-requisites:   M.E.   11-12.     Parallel:   M.E.  17-18. 

33-Standard  Tests  and  Research  Methods  (Continuation  of 
Course  31-32).  2  hours  and  1  afternoon.  Professor  Parr  and  Mr 
Eddison. 

standardized  by  the  Engineering  Societies.  *  t0    thg    commercial    tests 

Fourth    year    Mechanical    Engineering. 
Pre-requisites:  M.E.  31-32;  M.E.  17-18. 
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35-36— Kinematics  of  Machinery.    1  afternoon.    Professor  Thomas 

Determination  of  Paths  of  Motion,  Velocity,  Acceleration  and  Kfnrtf*  vnr,.^  \ 
the  Moving  Parts  of  Machines  with  the  Resulting  ReaS  on  Forces  of  he  IVame 
Relative  motions  of  machine  parts  and  the  determination  of  the 'rates of  moTion" 
Determination  of  space,  velocity  and  acceleration  diagrams  with  application  to °£ 
steam  engine,  shaper  and  other  standard  mechanism!  Cons  ruction  and  use  of 
diagrams  for  the  determination  of  inertia  forces  and  their  distribution  in  Lch 
element  of  a  mach.ne.  The  layout  of  motions  to  specifications  Design  of  cams 
with  special  reference  to  the  rate  of  change  of  velocity  of  the  moving  parts  and 
rnm  an)}  /"if  mertiaA  f  °, Ce?'  resistances  to  motion  and  the  continuous  contact  of 
cam  and  follower.  Analysis  of  link  work,  relative  motions,  inversions  adaptabilitv 
to  the  accomplishment  0/  specific  kinds  and  limits  of  motion.  Eccentric!  and  1  inks 
tor  the  transformation  of  kinds  of  motion;  ratchet  motion ;  running  ratchets 
33mJS£  c?up]mg  "iecbanis™;  connecting  shafts  in  parallel  and  at  an  an|£' 
Modification  to  permit  of  non-alignment.  Toothed  gearings.  Justification  of  the 
cycoidal  and  involute  curves  in  their  application  to  gear  teeth  The  layout  of 
tooth  forms  and  the  determination  of  the  velocity  ratios.  Layout  of  bevel  cear 
tooth  forms  by  Tredgo  d's  method.  Approximate  methods  and  practical  rules  for 
nJHt°  f aVfh'  Determination  of  paths  of  contact,  obliquity  of  motiom 
length  of  teeth,  interferences  in  involute  gearing.  Determination  of  the  necessary 
nor£nn0IV?r  inte?hangeabihty  "  sets  of  cycloidal  and  involute  gears  and  com* 
panson  of  the  system  Friction  gears.  Kinematics  of  belt  drive.  Open  and 
crossed  belts.  Layout  of  sprocket  wheels  and  chain  drives,  speed  changing  devices 
using  wrapping  connections.  opecu  i-"diigm0  devices 

Second  year  Mechanical  and  third  year  Electrical  Engineering. 
Pre-requisites    are    Math.    3-4    (M.E.    35   must    parallel    M.E     59.    M  E     59 
Pre-reqmsite    for    M.E.    36,    for    M.E.    students).  ' 

37— Machine   Design.      1   hour,  2   afternoons,  first  half-year.     Mr. 

Moss. 

Adapted  from  M.E.  39-40. 

Fourth  year   Chemical   Engineers. 
Pre-requisite:  M.E.  59. 

39.40— Machine  Design.  3  hours,  1  afternoon,  first  half-year, 
3  afternoons,  second  half-year.  Professor  Rautenstrauch  and  Mr'. 
Moss. 

Analysis   of  stress 
of  sen " 
ing  stresses- 
Design 

each    .W^  °f  ?*  f^T  aCti,ng  °"  and    the   ^suiting  stresses   and   stra?n     in 
SLee,raent    du.e    t0    klnetl,c.    a°d    structural    conditions.     Selection    of    working 
Hon   of  L\  m.a^hl"e  Parts,  ?"b^ct  to  steady,  repeated  and  reversed  stresses.     Selec 
°,!f!eT,S   f°r  machinf.  Part~  bas^  on  their   adaptability  to  the  service  and 
In     t;l?n?         Sf"    by    ^ch  the    part    mus^    be    made-      Determination    of   the 
,Pn2P»nJ    "     9     machl"e   Pf*?   subjected   to   tension,   compression,   and  shear;   bend- 
™«,      -torsi<?n;   combined   bending  and  tension,   bending  and  torsion,   torsion  and 
st3ortf°ni1Sin/-aC,V0n^a"d    stresses,d"e    to    eccentric    loading  'and   complex 
JnJE^tf™  I  /       r     m  Uue  desi&n  °f  crank  shafts,  machine  frames,   housings  and 
connecting  rods      Gear  wheels,   pulleys,  flywheels,  springs,   riveted  joints,  thin  and 
thick  cylinders,  braces,  and   stays,  flat  plate   members,  pressure  joints,   screws,  belt- 
i»f  ^F^k  ,?luun11dnv«?  for  Power  transmission.     Bearing  surfaces,  flat,  cylindri- 
cal,   pivot     ball,    roller     thrust.      Application    of    theory    of    elasticity    to    the    more 
complicated  elements.     Grouping  of  machine  elements  into  machines  for  functional 
operation     erection,    adjustment,    maintenance    and    repair    and    modifications    de- 
manded   by   facilities   for   manufacture.      Design   of   machines   to  specification,   with 
particular  refrence   to  modern   requirements. 
Third  year   Mechanical   Engineers. 
Pre-requisites:  M.   E.  35-36.      Must  parallel  C.   E.   53. 

41— Machine  Design.    1  hour  and  1  afternoon.    Professor  Thomas. 

A  short  course  adapted  from  M.  E.  39-40. 

Fourth  year  Civil  and  third  year  Electrical  Engineering. 

Prerequisites:   C.E    53  and  M.E.  78  for  C.E.      M.E.  35-36  for  E.E.     Must 
parallel  C.E.  53  for  E.E. 
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45  or  46 — Hydraulic  Turbines.     3  hours.     Mr.  Herrick. 

Description  of  operating  conditions  of  water  turbines — Principles  of  design  and 
economy  of  operation  of  turbine  wheels  and  water  power  plants — Action  of  water 
on  curved  vanes,  forces  developed  and  effect  of  impact,  work  done;  centrifugal 
action.  Theory  of  the  turbine.  Vane  form  and  arrangement;  total  work  done  for 
axial,  radial  and  mixed  flow  wheels;  dependence  of  velocity  of  flow  on  speed  of 
rotation;  losses  of  energy  due  to  friction  in  guide  passages,  wheel  buckets  and 
sluice,  chock,  leakage,  residual  velocity.  Design  of  reaction  turbines;  relation 
between  pressure  and  velocity  of  flow;  methods  of  determining  passage  areas;  radii 
of  wheels,  width  and  depth  of  buckets,  number  and  thickness  of  vanes.  Application 
of  the  theory  of  axial  flow,  parallel  flow  and  mixed  flow  turbines.  Tangential 
impulse  turbines;  essential  principles  and  theory,  advantages,  ventilation  of  bucket, 
velocity  of  flow,  available  energy,  efficiency.  Descriptions  of  and  experiments  with 
turbines  of  various  types.  Existing  water  power  plants.  Modern  governors  for 
turbines;  ideal  action  of  direct  acting  governor  and  disturbing  influences;  essential 
principle  of  indirect  acting  governor;  factors  affecting  regulation.  Selection  and 
arrangement  of  water  turbines  and  auxiliaries  for  different  local  conditions. 
Efficiency  of  turbines  and  plants. 

Fourth  year  Mechanical  Engineering  (M.E.  45  and  fourth  year  Civil  En- 
gineering (M.E.  46).  Pre-requisites:  For  Mechanical  Engineering:  M.E.  36. 
M.E.   60,   C.E.   78;   for  Civil  Engineers:   M.E.   78,   C.E.  75,   M.E.  63. 

50  or  53 — Steam  Turbines.    3  hours.     Professor  Preston. 

Fundamental  Analysis  of  the  Action  of  Steam  Jets  and  Vanes  and  Its  Applica- 
tion to  the  Design  and  Performance  of  Steam  Turbines — Ratio  of  impulse  to  re- 
active force  jets,  effect  of  variation  of  curvature  of  the  buckets,  open  and  closed 
passages.  Flow  of  steam  through  nozzles  and  turbine  passages,  volume,  pressure, 
temperature,  quality,  weight,  velocity  and  kinetic  energy  relations.  Centrifugal 
effect  of  steam  moving  in  a  curved  path.  Study  of  the  use  of  steam  in  varying 
types  of  turbines.  Graded  pressure  turbines,  graded  velocity  turbines,  mixed 
impulse  and  reaction  turbines.  Practical  turbines  belonging  to  these  types,  and 
study  of  their  detailed  construction.  Efficiency  of  different  types  studied  by  an- 
alysis of  energy  transformation  throughout  the  path  of  steam  and  how  efficiency 
is  varied  by  design  of  blades,  passages,  nozzles,  number  of  stages,  speed,  clearance, 
leakage  and  mode  of  regulation.  Construction  of  turbine  vanes.  Disc  and  vane 
friction  and  critical  speed.  Governing  steam  turbines,  throttling  method,  variable 
admission  to  one  or  more  stages  and  periodic  admission.  Steam  consumption  of 
turbines. 

Fourth  year  Mechanical    (50)    and  Electrical  Engineers   (53) 
Pre-requisites:    M.E.    17-18,    M.E.    31-32;    for    Electrical    Engineers    M.E. 
17-18,  M.E.  76 

52 — Organization  and  Management.  3  hours.  Professor  Rauten- 
strauch  or  Mr.  Moss. 

Manufacturing  Organizations  and  Methods  of  Cost  Accounting — Effect  of 
methods  of  manufacture  and  capacity  on  systems  of  management  of  mills  and 
factories.  Analysis  of  the  elements  of  factory  accounting  and  determination  of 
the  factors  entering  into  the  cost  of  production.  Methods  for  keeping  record  of 
the  cost  of  labor  and  materials  in  the  production  of  specific  articles.  The  deter- 
mination of  establishment  charges.  Interpretation  of  costs  and  use  of  comparative 
values.  Determination  of  the  depreciation  of  buildings,  machinery,  patterns,  draw- 
ings and  other  assets.  Organization  and  functions  of  the  departments  of  the 
business.  Purchase  of  raw  material  and  sale  of  product.  Utilization  of  scrap  and 
waste.  Methods  of  labor  compensation.  Critical  analysis  of  the  methods  of 
accounting  in  representative  factories.  Factors  affecting  the  cost  of  production. 
Layout    of    complete    system    of   organization,    forms    and    methods    of    accounting. 

Fourth  year  Mechanical  Engineering. 

Pre-requisites:    M.E.  94S,  M.E.  54. 

54 — Shop  Methods,  Problems  and  Processes.   2  hours.   Mr.  Halsey. 

Methods  of  attack  and  solution  of  the  problems  of  the  shop.  The  two  systems 
of  production — makingand  manufacturing — contrasted,  and  their  essential  differ- 
ences pointed  out.  Origin  of  the  various  machine  tools  and  characteristic  of  the 
work  of  the  pioneers.  American  and  British  machine  tools  and  methods  con- 
trasted. Precision  workmanship  and  its  relationship  to  commercial  workmanship. 
Accuracy  of  form,  size  and  position.  Methods  of  originating  flat  surfaces,  squares, 
angles  and  index  plates.  Measurements.  Fallacy  of  the  metric  system.  Line  and 
end  measures;   their  relative   accuracy  and  respective  influences  on   shop   organiza- 
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lathes,    plain    and    automatic,    and    their    equipment       SneHnl    tnnfi   ?«  1    g"    -Turret 

fesshjTsjs:  as^sLSSSaS £?«*« 

Third  year   Mechanical    Engineers. 
Pre-requisites:  M.E.  94S  and  Shop  Work  11. 

56— Hydraulic  Turbine  Installations.    1  hour.    Mr.  Herrick 

Selection  and  Arrangement  of  Water  Wheels,  Governors  and  Auxiliary  Annli 
ances  for  Different  Local  Conditions,  Efficiency  of  Wheels  and  Plants-cLra?ter- 
£5.  of  water  flow  through  turbine  guides,  nozzles  and  bucket^  condition  war 
ranting  wheel  classification  efficiency  of  wheels  as  a  function  of  tyoe  head Fsreed 
and  part  gate  operation,  effects  of  different  forms  of  gate  on  efficiency  relative 
2,nS,°i  5andard  Patte/"S  and,  special  designs  to  suit  local  c^onSti^'limit,  S 
ASS  iynT°+  SPfedi  on  wheel  .speeds.  Water  wheel  governors  'regulation 
Available  head  at  wheels  and  division  of  total  loss  throughout  water  conductor 
system,  relation  between  available  water  supply,  possible  output  and  perfection  of 
development  work;  draft  tubes,  stop  valves,  gates,  vacuum  and  pressure  relief 
stand  pipes  relief  valves  and  bye-passes,  water  racks,  anchor  and  frazil  ce 
Analysis  of  typical  installations.     Water  power  costs.  * 

Fourth  year   Electrical  Engineering. 

Pre-requisites:     C.    E.    77.      Parallel   course:     M.    E.    60. 

59— Empiric  Design.    2  hours  and  1  afternoon.    Professor  Thomas 

Shon°PDraw?naf  ?L ^wu*  Pa^by  Empir.ic  Methods  and  the  Production  of 
Miop  Drawings  and  Sketches—Modern  practice  in  making,  recording  and  filing 
shop  drawings  of  machine  details  and  assemblies,  bills  of  material  and  listing  of 
standard  and  special  parts  Use  of  standard  conventions  and  interpretation  of 
shop  notes  on  drawings.  Shop  sketches  and  dimensions.  Forms  of  machine  parts 
as  indicated  by  the  nature  of  the  resistances  to  be  overcome  and  the  characteristics 
~tl  l-Fla  J  ,  *  ,  lam,'  box'  an£  nbbed  cast  sections,  shrinkage  stresses  and  the 
probability  of  local  weaknesses.  Proportions  of  parts  by  modern  empirical  formulas 
derived  from  practical  considerations.  Limiting  conditions  in  the  use  of  empirical 
formulas.  Modern  practice  in  the  proportioning  of  machine  elements.  Propor- 
b°"iS  °LP,artS.  ad°Pted  >y  4l?Te  Master  Car  Builders'  Association,  Master  Steam 
Boiler  Makers  Association,  United  States  Government,  numerous  manufacturing 
concerns  and  data  appearing  m  the  transactions  of  the  various  engineering  societies 
and  engineering  publications.  Design  of  simple  castings  from  assigned  data,  dies 
for  forming  simple  parts  in  a  bull-dozer  and  the  frames  and  parts  of  simple 
machines  having  given  the  detailed  drawing  of  the  other  parts  necessary  to  the 
determination  of  the  principal  dimensions. 

Second  year  Mechanical   Engineering  and  third  year   Chemical   Engineering. 

Pre-requisites:     Drafting  1   or  2. 

60— Hydraulic  Laboratory.  1  hour  and  1  afternoon  for  one-half 
term.     Mr.  Herrick. 

Practical  Work  on  the  Flowing  of  Water  for  the  Determination  of  Rational 
Coefficients  with  Ordinary  and  Extraordinary  Conditions — Flow  through  simple 
holes  in  plate  and  short  tubes  under  low  heads.  Flow  through  convergent  nozzles 
and  needle  orifice.  Flow  through  straight  pipe,  elbows  and  joints,  distribution 
across  the  cross  section  near  bends  with  velocity.  Flow  over  weirs.  Variation  of 
rectangular,  trapezoidal  and  triangular,  sharp  versus  dull  edge,  approach  contrac- 
tions, one  side,  both  sides  and  bottom.  Hook  gauge  measurements.  Measurement 
of  quantity  flowing  by  Venturi  tube  and  Pitot  tube.  Variation  of  error  with  type, 
pressure  drop,  and  size.  Loss  of  heads  by  sudden  enlargement  in  cross  section  in 
pipes  running  full.  Inertia  and  water  shock.  Water  wheels.  Variation  of  efficiency 
with  speed  and  head,  analysis  of  losses  in  nozzles,  bucket  and  friction.  Efficiency 
of  the  Hydraulic  Ram  Test  for  reliability  on  commercial  water  meters. 

Fourth  year  Electrical  Engineering  and  third  year  Mechanical  Engineering, 
Met.E. 

Parallel  course:   For  Mechanical   Engineering  students,    CE.   78  for  Met.E. 
Parallel  CE.  76. 

Pre-requisite   for   Electrical  Engineering  students:     C   E.   77. 

63 — Hydraulic  Laboratory.     1   afternoon.     Mr.  Herrick. 

A  course  based  on  M.E.  60.     Fourth  year  Civil  Engineering. 
Parallel:    Hydraulics,   C   E.   75. 
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64— Air  Machinery.    2  hours.     Mr.  Longacre. 

Structures,  Adaptability  and  Economy  of  Fans,  Air,  Gas  and  Vapor  Compressors, 
Blowing  Engines,  let  Blast  Apparatus  and  Important  Applications— Convection 
movement  of  air;  flow  of  air  through  orifices,  ducts,  pipes.  Hygrometric  conditions 
of  air  with  temperature  and  pressure  and  condensation  of  moisture  in  compressed 
air  Air  compressors,  types  and  construction;  work  of  compression,  M.E  P  for 
single  and  multi  stage,  cylinder  ratios,  effects  of  intercooling.  Volumetric  efficiency 
of  compressors,  real  and  apparent.  Discharge  pipe  pressure  pulsations,  air  receiv- 
ers, intercooling  receivers.  Air  end  valves,  poppet,  slide,  Corliss  and  ring  valves, 
suction  and  delivery,  differences  in  type  and  diameter  and  lift.  Steam  end  valve 
gears  and  cylinder  arrangement.  Constant  and  variable  speed  compressor  valve 
gear  characteristics,  pressure  and  speed  controllers  and  governors.  Analysis  of 
complete  compressor  economy  tests.  Dry  vacuum  air  pumps.  Blowing  engines 
special  forms  and  sizes  of  air  end  valves  introduced  by  cylinders  of  large 
diameters  for  low  pressure  air.  Ammonia  and  carbonic  acid  compressors;  peculi- 
arities and  methods  of  handling  liquid  in  the  vapor;  forms  and  characteristics. 
Multi-stage  centrifugal  fans  and  service.  Analysis  of  efficiency  tests  for  fans  and 
blowers.  Positive  blowers.  Steam  jet  blowers  and  exhausters,  thermal  efficiency 
Application  of  principles  to  ventilation  and  heating,  blast  furnace  practice,  com- 
pressed air  and  compressed  gas  power  transmission  systems,  air  lift  pumps  and 
air  brakes. 

Third  year  Mechanical   Engineering. 
Pre-requisite:    M.   E.   17. 

66 — Elevators  and  Conveyors.    1  hour.    Mr.  Moss. 

Mechanical  Handling  of  Solid  Materials  by  Standard  Elevating  and  Conveying 
Machinery,  Characteristics,  Speed,  Tonnage  and  H.P.  per  Ton,  Computations  and 
Adaptability  to  Special  Service— Hand  handling  of  materials,  limits,  cost  and  con- 
ditions warranting  use  of  machinery.  Continuous  conveyors,  screw,  bucket,  scrap- 
ers, pusher,  belt  and  pneumatic  types.  Intermittent  conveyors;  telephers,  rope 
and  cable  ways,  cable  cars.  Loaders,  unloaders,  storage  facilities.  Skips,  grab 
buckets,  tips  and  tipples.  Short  and  long  hoists,  friction  drum  hoists  and  direct 
connected.  Pneumatic  and  hydraulic  elevators  for  freight.  Fixed  and  travelling 
cranes.  Passenger  elevators,  rope  and  plunger  types.  Safety  devices.  Automatic 
weighers  of  materials;  coal  and  ore  storage  systems.  Excavating  machine  and 
dredges.  Coal  and  ore-handling  machinery.  Railroad  terminal  and  steamship 
loaders  and  unloaders.  Coke  oven  chargers  and  dischargers.  Grain  handling. 
Special  adaptation  to  material,  such  as  sand,  plaster,  glass,  cement,  broken  rock, 
coal,   coke,  packages,   barrels,  corrosive,  erosive,   sticky,   packing,  and  lot  materials. 

Third   year   Mechanical   Engineering. 

Pre-requisite:     M.   E.   39. 

70 — Pumping  Machinery.     2  hours.     Mr.  Nickel. 

Reciprocating  Pumps.  Early  and  modern  types.  Efficiencies.  Suction  Lift.  Air 
chambers.      Capacity.      Speeds.      Power.      Arrangement   of   pumps. 

Pump  End.  Types.  Valve  service.  Materials  used  for  various  liquids.  Water 
works  surface  condenser.  Steam  End.  Single  pumps.  Duplex  pumps.  Steam 
valve  compound  pumps.  Triple  expansion  pumps.  Plunger  load.  Duty.  High  Duty 
Pumps.  Crank  and  flywheel.  Direct  acting.  Centrifugal  Pumps.  Development  of 
the  fundamental  equations.  Volute  pumps.  Turbine  pumps.  Characteristics.  Pis- 
tonless  pumps.  Pulsometers.  Jet  pumps.  Hydraulic  ram.  Steam  jet  pumps. 
Third  year  Mechanical  Engineers. 
Pre-requisites:  M.E.  17.     Parallel  C.E.  78. 

72 — Gas  Power  Machinery.  2  hours  and  1  afternoon.  Professor 
Thurston. 

Short  course  adapted  from  M.E.  22. 

Fourth    year    Electrical    and    Metallurgical    Engineering. 
Pre-requisite:     M.    E.    17-18. 

74 — Gas  Power  Machinery.     2  hours.     Professor  Thurston. 

Same  as  72   except   for  the  laboratory  time. 
Fourth  year  Mining  Engineering. 
Pre-requisite:     M.    E.    17-18. 
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75-76— Standard  Tests.     1  hour  and  1  afternoon.     Professor  Parr 
Mr.  Herrick  and  Mr.  Riedel. 

Short  course  adapted  from  M.  E.  31,  32,  33. 

Fourth   year   Chemical   Engineers. 

Pre-requisitcs:     M.E.   13-14.     Parallel  M.E.   17-18. 

77— Standard  Tests.     1  hour  and  1  afternoon.    Professor  Parr,  Mr. 
Herrick,  Mr.  Riedel  and  Mr.  Eddison. 

Short  course  adapted   from   M.  E.   31,  32,   33. 

Third  year   Civil   Engineers,  fourth  year   Chemical,   and  fourth  year  Electri- 
Ccii    j-jiiginccrs 

ai- Ere^eqrisit^s,    i0T-    9ivil    and    Chemical    Engineers:    M.E.    13-14.      Parallel 
M.E.  17;   for  Electrical  Engineer,  M.E.   17-18. 

78 — Kinematics.     3  hours.     Professor  Thomas. 

Short  course  adapted  from  M.E.  36. 

Third  year  Civil  Engineers,   Sanitary  Engineers.     Pre-rcquisite:   Math.   3-4. 

80— Experimental  Mechanical  Laboratory.  1  hour  and  1  after- 
noon.    Professor  Parr  and  Air.   Eddison. 

Laboratory  methods  for  the  determination  of  experimental  data  and  instruction 
in  the  operation  of  standard  machinery.  Standardization  of  pressure  gauges  vac- 
uum gauges,  draft  gauges  thermometers,  pyrometers  and  steam  engine  indicators. 
Methods  of  measuring  brake  and  indicated  horsepower  illustrated  by  the  determi- 
nation of  mechanical  efficiency  of  a  steam  engine.  Correct  methods  for  starting 
stopping  and  operating  steam  engines,  steam  pumps,  air  compressors,  fans  and 
internal  combustion  engines.  Valve  setting  on  steam  engines  and  direct  acting 
pumps.  Variation  of  steam  consumption  with  load  in  a  simple  steam  engin* 
\anation  of  horsepower  to  compress  one  thousand  cubic  feet  of  free  air  oer 
minute  with  discharge  air  pressure.  Variation  of  steam  consumption  of  a  direct 
acting  pump  with  pumping  head.  Variation  of  gas  engine  and  oil  engine  economy 
with  load  Measurement  of  water  flow  by  means  of  weirs,  venturi  meters  pitot 
tubes  orifices  recording  water  meters  of  various  type  and  weighing  tanks,  an-1 
the  determination  of  the  limits  of  usefulness  and  accuracy  of  each  method. 

Third  year  Mining  Engineering. 

Pre-requisite:    M.  E.  13.     Parallel  course:    M.  E.   14. 

82— Heating  and  Ventilation.     Mr.  Ohmes.     2  hours. 

Privip]?w?f  Heat  Generation  Transfer  and  Air  Movement  Applied  to  Warming 
and  Ventilation  of  Buildings— Quantities  of  air  needed  for  proper  ventilation 
amount  of  heat  necessary  to  maintain  temperatures  against  conduction,  radiation 
and  air  change  losses.  Heating  surface  and  coefficients  of  heat  transfer,  grate  sur- 
face,  pipe  and  duct  sizes  for  high  and  low  pressure  steam  heating,  direct  and 
indirect,  hot  water  and  hot  air  systems.  Air  tempering,  cleaning,  drving,  humidify- 
ing, lipe  and  duct  layouts.  Fan  computations.  Exhaust  steam  systems,  vacuum 
circulation.  Reducing  valves,  air  valves,  water  expansion  tanks,  thermostats, 
thermostatic  regulation  systems  and  important  details.  Efficiencies  of  various 
systems  and  analysis  of  existing  installations. 

Fourth  year  Sanitary  Engineers.     Pre-requisite:    M.E.    17. 

94S — Shop  and  Factory  Summer  Work.    Professor  Thomas. 

Practical  Work  and  Directed  Study  in  the  Shops  and  Drafting  Rooms  of  Repre- 
sentative Manufacturing  Establishments  with  Report— Each  student  is  provided 
^  ra,,pri"ted.copy  of  the  thi"gs  to  be  studied  and  reported  on  in  detail,  of  which 
the   following  is  a  general   summary: 

Machine  Shop.  Functional  operation,  characteristics  and  powering  of  machine 
tools,  capacities  layout  of  shop,  size  of  shafting,  belting  and  motors  for  independ- 
ent and  group  drive.  Range  of  cutting  speeds,  feeds,  depth  of  cut.  Shape  and 
size  of  tools  used.  Report  on  specific  observations  on  time  of  setting  work,  time 
u  ™.rimn&  and  finishing,  number  of  pieces  turned  out  per  hour.  Facilities  for 
handling  work  at  the  machine.  Facilities  for  producing  pieces  in  quantity.  Hand 
processes  for  finishing  and  tools  used. 

■«TPau"ern  ShoP-  Materials  of  which  patterns  are  made  and  methods  of  treating. 
Machine  tools  used  in  the  pattern  shop  arrangement,  capacities,  adaptability,  han- 
ding and  storing  of  material  and  finished  product. 
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Foundry  and  Forge,  Description  of  hand  and  machine  tools  and  appliances  used 
in  the  foundry  and  forge.  Compositing  and  treatment  of  foundry  sands.  Methods 
of  molding.  Time  involved.  Methods  of  powering,  venting  and  chilling,  cooHn J 
and  finishing,  handling  the  cupola.  Composition  of  the  charges  and  mixtures 
temperatures,  pressures,  time  required  to  charge,  to  melt,  to  pour,  cool  and  clean 
Appliances  in  the  forge  shop.  Operation  of  power  hammers,  bull-dozers  shears' 
reduction     knneahng  £urnaccs  and  hand  processes  of  forging.     Time  involved  in 

Drafting  Room.  Standards  and  conventions  used.  Filing  and  marking  of 
drawings  and  recording  of  patterns.  Bills  of  material— parts  to  be  made— standard 
p3rts  in  stock. 

General  Management  and  Organization.  Methods  of  recording  time  of  workmen 
and  their  time  distribution  over  on  different  jobs.  Paying  of  men,  methods,  rates, 
forms  and  records  used.  Drawing  of  materials  used  from  storeroom  and  charzine 
to  orders.  °    ° 

Report  due  on  first  day  of  registration. 

Pre-requisite  course  is  second  year  shop  work. 

96S— Steam  Power  Plant,  Summer  Work.    Professor  Preston. 

Report  based  on  not  less  than  six  weeks'  practical  work  in  an  Operating  Power 
Plant,  including  the  Output,  Load  Conditions,  Labor  and  Material  for  Operation 
and  Maintenance,  Operating  Cost  per  Unit  and  the  Essential  Dimensional  Rela- 
tions between  the  Various  Units  and  Auxiliaries  Producing  this  Result — This  work 
is  done  entirely  by  the  student  in  the  field,  his  only  assistance  being  the  blank 
report  form  which  is  put  in  his  hands  after  a  brief  lecture  on  leaving  the  Uni- 
versity for  the  vacation. 

Report  due  on  first  day  of  registration. 

Third  year  Mechanical  Engineering.    Pre-requisite  courses:  M.  E.  17-18,  31-32. 

97— Mechanical  Apparatus  for  Chemical  Factories.  5  hours  for 
10  weeks  in  First  Term.     Professor  Thomas. 

Characteristics  of  the  principal  types  of  machinery  and  mechanical  apparatus 
used  by  the  manufacturers  of  chemical  products,  including  the  fundamental  prin- 
ciples upon  which  their  design  is  based,  the  method  of  operation,  the  selection 
and  installation  to  meet  given  conditions  of  service,  size  and  capacity  of  each 
unit,  and  economical  arrangement  of  the  plant.  Pumping  machinery;  direct  acting 
steam,  simple,  compound  and  triple  expansion,  belt  and  motor  driven  piston  and 
plunger  pumps.  Centrifugal  and  turbine  pumps;  single  and  multi-stage,  screw  and 
rotary  pumps.  Jet  apparatus;  injectors,  ejectors,  steam  and  water  jet  blowers. 
Hydraulic  presses;  accumulators,  heavy  hydraulic  apparatus.  Air  machinery:  fans, 
blowers,  positive  blowers,  turbo-compressors,  piston  compressors  for  single  and 
multi-stage  compression,  intercoolers,  regulating  devices  and  unloaders.  Hydraulic 
compressors.  Blowing  engines.  Rotary  and  plunger  types  of  vacuum  pumps,  air 
lift  pumps.  Refrigerating  machinery;  compression  and  absorption  systems  using 
ammonia.  Dense  air  and  carbonic  acid  machines.  Ice  making  by  can  and  plate 
systems.  Compressors,  condensers,  stills,  brine  coolers  and  other  units  in  refrigerat- 
ing plants.  Methods  employed  in  the  transportation  of  solid  materials;  elevating  and 
conveying  machinery,  continuous  and  intermittent  conveyors,  loaders,  unloaders, 
adaptability  of  system  to  material  to  be  handled;  hydraulic  and  pneumatic  systems 
of  transportation.  Crushing  and  grinding  machinery;  methods  employed  for  dry 
and  wet  processes,  the  handling  of  hard  and  soft  materials;  jaw,  gyratory  and  roll 
crushers;  roll,  tube  and  ball  mills  for  fine  grinding,  burr-stone  mills.  Separating 
and  screening  machinery;  construction  and  operation  of  the  types  used  in  wet  and 
dry  processes;  centrifugal  and  shaking  screens,  bolting  reels.  Mixing  machinery  for 
dry,  plastic  and  wet  material,  mixing  tanks,  beating  engines.  Drying  machinery; 
classification  of  apparatus  for  obtaining  different  degrees  of  dryness;  construction 
and  operation  of  suction  apparatus,  press  rolls,  steam  driers  for  paper,  kilns  for 
cement,  wood,  pottery,  by  means  of  air  currents.  Humidifiers.  Washing  and  boiling 
machinery;  washing  engines,  digesters,  kiers.  Recording  apparatus.  Regulating 
apparatus  for  pressures  and  temperatures.  Measuring  apparatus  for  water,  gas  and 
steam,  weighing  machinery  for  solid  materials.  Pipe,  pipe  fittings,  valves,  conduits 
and  ducts. 

Precedes  and  forms  sequence  with  Chemistry  197.     Fourth  year  students  in 
Chemical   Engineering.     Pre -requisites:  M.E.  11   and  12. 
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Courses  which  may  be  Credited  to  the  Degree  of  A.M.  for  Graduate 
Work  Under  the  Faculty  of  Pure  Science 

Open  only  to  students  of  Pure  Science  who  have  satisfied  the  pre- 
requisites. 

117— Engineering  Thermodynamics.  2  hours.  Similar  to  M.E.  17, 
and  subject  to  the  same  pre-requisites  to  entrance.  One-half  course. 
Professor  Lucke. 

118— Engineering  Thermodynamics.  2  hours.  Similar  to  M.E.  18, 
and  subject  to  the  same  pre-requisites  to  entrance.  One-half  course. 
Professor  Lucke. 

119— Engine  Design.  3  hours  and  2  afternoons.  Similar  to  M.E.  19, 
and  subject  to  the  same  pre-requisites  to  entrance.  Double  course. 
Professor  Rautenstrauch. 

120— Engine  Design.  3  hours  and  2  afternoons.  Similar  to  M.E.  20, 
and  subject  to  the  same  pre-requisites  to  entrance.  Double  course. 
Professor  Rautenstrauch. 

121— Gas-Power  Machinery.  4  hours  and  1  afternoon.  Similar  to 
M.E.  21,  and  subject  to  the  same  pre-requisites  to  entrance.  Double 
course.    Professor  Lucke. 

125 — Steam  Power.  2  hours  and  1  afternoon.  Similar  to  M.E.  25, 
and  subject  to  the  same  pre-requisites  to  entrance.  Double  course. 
Professor  Preston. 

126— Steam  Power.  2  hours  and  2  afternoons.  Similar  to  M.E.  26, 
and  subject  to  same  pre-requisites  to  entrance.  Double  course.  Pro- 
fessor Preston. 

131— -Mechanical  Laboratory.  1  hour  and  1  afternoon.  Similar  to 
M.E.  31,  and  subject  to  same  pre-requisites  to  entrance.  One-half 
course.     Professor  Parr. 

132— Mechanical  Laboratory.  1  hour  and  1  afternoon.  Similar  to 
M.E.  32,  and  subject  to  same  pre-requisites  to  entrance.  One-half 
course.    Professor  Parr. 

133— Mechanical  Laboratory.  2  hours  and  1  afternoon.  Similar 
to  M.E.  33,  and  subject  to  same  pre-requisites  to  entrance.  Full  course. 
Professor  Parr. 

145— Water-Power  Machinery.  3  hours.  Similar  to  M.E.  45,  and 
subject  to  same  pre-requisites  to  entrance.    Full  course.     Mr.  Herrick. 

160— Hydraulic  Laboratory.  1  afternoon.  Similar  to  M.E.  60,  and 
subject  to  same  pre-requisites  to  entrance.  One-half  course.  Mr. 
Herrick. 
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139— Machine  Design.  3  hours  and  1  afternoon.  Similar  to  M.E. 
39,  and  subject  to  same  pre-requisites  to  entrance.  Double  course. 
Professor  Rautenstrauch  and  Mr.  Moss. 

140— Machine  Design.  3  afternoons.  Similar  to  M.E.  40,  and  sub- 
ject to  same  pre-requisites  to  entrance.  Double  course.  Professor 
Rautenstrauch  and  Mr.  Moss. 

152— -Organization  and  Management.  3  hours.  Similar  to  M.E.  52, 
and  subject  to  same  pre-requisites  to  entrance.  One-half  course.  Pro- 
fessor Rautenstrauch. 

164— Air  Machinery.  2  hours.  Similar  to  M.E.  64,  and  subject  to 
same  pre-requisites  to  entrance.     One-half  course.     Mr.  Longacre. 

166— Elevators  and  Conveyors.  1  hour.  Similar  to  M.E.  66,  and 
subject  to  same  pre-requisites  to  entrance.    One-half  course.    Mr.  Moss. 

170— Pumping  Machinery.  2  hours.  Similar  to  M.E.  70,  and  sub- 
ject to  same  pre-requisites  to  entrance.    One-half  course.    Mr.  Nickel. 

Note:  Full  course  =  10  hours  a  week,  including  outside  reading,  preparation,  etc. 
Double  course  =  more  than   10  hours  a  week. 
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101— General   Metallurgy.     3  hours  first  half  of  first  term.     Pro- 
fessor Kern. 

An  introduction  to  general  metallurgy;  consideration  of  the  methods.  Object  of 
the  metallurgist,  and  application  of  physics  and  chemistry  to  the  extraction  and  to 
the  treatment  of  the  commoner  metals.  General  classification  of  processes.  Classifi- 
cation of  fuels,  and  the  selection  of  the  most  suitable  fuels  for  certain  purposes. 
Ihe  calorific  value,  and  the  temperature  of  combustion,  of  fuels.  Preparation  of 
charcoal  and  coke,  and  the  recovery  and  utilization  of  their  by-products.  Artificial 
gaseous  fuels,  their  preparation  and  metallurgical  utilization.  Properties  of  gases 
and  the  metallurgical  application  of  the  laws  of  gases.  Classification  of  furnaces, 
ar.d  the  types  of  furnaces  for  specific  purposes.  Refractory  materials,  and  their 
use  in  the  construction  of  furnaces.  Transmission  of  heat  and  the  thermal  effi- 
ciency of  furnaces.  Calculation  of  height,  sectional  areas,  capacity  and  drafts  of 
chimneys.  Fuel  economizers,  and  their  application  to  metallurgical  furnaces.  High 
temperature  measurements. 

Third  year  students  in  Metallurgical  Engineering.  Fourth  year  students, 
Mining  Engineering,  Chemical  Engineering  and  Chemistry.  Pre-requisite: 
Chemistry  3  or  4  and  Physics  3-4. 

in— Metallurgy  of  Copper.  3  hours,  second  half  of  first  term. 
Professor  Kern. 

The  production  of  copper,  its  uses,  and  consumption.  Properties  of  copper  and 
lts^  alloys.  The  ores  of  copper,  and  distribution.  Characteristics  of  ores  of  the 
principal  districts.  Sampling,  and  preparation  of  copper  ores  for  treatment,  and 
cost  of  different  methods  of  sampling.  General  outline  of  the  metallurgy  of  cop- 
per. Roasting  of  copper  ores;  purposes;  chemistry;  and  methods  of  roasting.  The 
advantages,  disadvantages,  and  comparative  cost  of  roasting  processes.  Introduction 
to  smelting  copper  ores  in  reverberatory,  and  in  blast  furnaces.  Composition, 
physical  properties,  and  characteristics  of  furnace  products;  blister  copper,  black- 
copper,  mattes,  speiss,  slag,  and  flue-dust.  Smelting  in  reverberatory  furnaces; 
construction  of  reverberatory  smelting  furnaces,  their  capacity  and  efficiency. 
Converting  of  copper  matte  in  reverberatory  furnaces.  Smelting  of  copper  ores 
in   blast-furnaces.      Calculation    of   smelting    furnace   charges.      "Pyrite"    or   "Raw 
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Converting  of  copper  matte  by  the  Mahnes  process.  Apparatus 
verting  copper  matte.  Refining  of  blister  copper,  black-copper 
jr.  Smelting  of  typical  copper  ores,  producing  ingot  copper-  the 
...j  disposition  of  the  furnace  products;  cost  of  treatment. 
Third  year  students  in  Metallurgical  Engineering.  Fourth  year  students  in 
Mining  Engineering,  Chemical  Engineering  and  Chemistry.  Prerequisite- 
Metallurgy  101.  H 

1 1 8— Metallurgy  of  Copper,  i  hour.    Professor  Kern. 

Advanced  Course.  Treatment  of  low-grade  ores,  and  of  copper-silver  ores  bv 
leaching.  Recovery  of  copper  from  mine-water.  Utilization  of  furnace-gas  for  the 
production  of  sulphuric  acid.  Treatment  of  copper-nickel  ores.  Treatment  of 
speiss.  Metallurgical  calculations  of  roasting  and  smelting  operations.  Application 
of  thermo-chemistry  to  roasting,  smelting  and  converting,  and  to  calculations  of 
furnace  efficiencies.     Purchasing  of  copper  ores  and  fluxes. 

Fourth  year  students  in  Metallurgical  Engineering.  Pre-requisite:  Met- 
allurgy 111. 

122— Metallurgy  of  Lead,  Silver,  Gold  and  Zinc.  3  hours.  Pro- 
fessor Walker. 

Properties  of  lead,  its  compounds  and  alloys.  Classification  of  ores.  Production 
and  uses  of  lead.  Outline  of  the  metallurgical  treatment  of  lead  ores.  Smelting 
in  the  reverberatory  furnaces;  in  the  ore-hearth.  Blast  furnace  practice  for  smelt- 
ing lead  ores.  Roasting  in  hand  and  mechanical  furnaces.  Various  pot-roasting 
processes  and  sintering  machines.  Smelting  operations;  construction  of  furnaces; 
calculation  of  charge;  disposition,  handling  and  treatment  of  by-products.  De- 
silvenzation  of  lead  bullion.  Influence  of  impurities  and  elimination  of  same 
Cupellation  of  rich  lead  alloys  and  ores.  Treatment  of  Dore.  Silver,  proper- 
ties, compounds,  alloys,  etc.  Direct  amalgamation  of  silver  ores.  Hydro-metal- 
lurgical processes  for  treatment  of  silver  ores;  Ziervogel,  Patera,  etc.  Gold. 
Properties,  etc.  Amalgamation  of  gold  ores.  Chlorination  processes.  Cyaniding 
of  gold  ores;  laboratory  tests,  and  chemistry  of  the  process;  modern  practice, 
description  of  existing  plants.  Refining  and  parting  of  gold  and  silver  bullion! 
Zinc,  properties,  ores,  etc.  Calcination  and  roasting  of  zinc  ores.  Retorting 
furnaces.  Manufacture  of  retorts;  retorting  practice  and  chemistry  of  same. 
Refining  of  zinc. 

Third  year  students  in  Metallurgical  Engineering.  Fourth  year  students  in 
Mining  Engineering,  Chemical  Engineering  and  Chemistry.  Pre-requisite: 
Metallurgy   111. 

128— -Metallurgy  of  Lead,  Silver,  Gold,  Zinc  and  the  Minor  Metals. 
1  hour.     Professor  Walker. 

Advanced  Course.  Methods  of  receiving  and  sampling  different  classes  of  ore. 
Purchasing  of  ore  of  varying  compositions.  General  construction  of  furnaces,  and 
design  of  smelting  plants.  Organization  of  smelting  plants;  metallurgical  book- 
keeping, cost  sheets,   etc. 

Fourth  year  students  in  Metallurgical  Engineering.  Pre-requisite:  Metal- 
lurgy  122. 

131— Metallurgy  of  Iron  and  Steel.     1  hour.    Professor  Campbell. 

Manufacture  of  iron  and  steel.  Blast  furnace.  Puddling.  Cementation. 
Crucible  process.  Bessemer  process.  Open  hearth  process.  Statistics.  Iron  and 
steel  casting.  Effect  of  heat  treatment.  Effect  of  mechanical  treatment.  Malle- 
able cast  iron.  Standard  specifications.  Constitution  of  iron  and  steel.  Relation 
to  physical  properties.  Change  of  structure  with  heat  and  mechanical  treatment. 
Alloy  steels.      Corrosion. 

Fourth  year  students  in  Mining,  Metallurgical,  Chemical  Engineering,  and 
Chemistry.  Pre-requisite:  Chemistry  3  or  4  and  Physics  3-4.  Pre-requisite 
or  parallel:  Metallurgy  101. 

134 — Metallurgy  of  Iron  and  Steel.  2  hours.  Professors  Walker 
and  Campbell. 

Introduction,  literature,  scheme  of  iron  and  steel  manufacture.  Definitions: 
iron,  steel,  cast  iron,  etc.  Relations  of  carbon  and  iron.  Development  of  the 
industry.  The  blast  furnace,  iron  ores,  fuels,  fluxes,  smelting  practice,  products. 
Processes  for  purification  of  pig  iron.  Manufacture  of  wrought  iron  and  crucible 
steel.  Puddling,  charcoal  hearths,  fineries.  Cementation,  blister  steel.  Crucible 
process.  Bessemer  process,  acid  and  basic.  Siemens-Martin  or  Open  Hearth 
process,    acid    and    basic;    fuels   and    regeneration.      Defects    in    ingots    and    other 
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castings.  Iron  and  steel  founding.  Mechanical  treatment  of  steel,  forging, 
rolling.  Heat  treatment  of  steel.  Heat  treatment  of  cast  iron.  Malleable  cast 
iron,  cupola  and  air  furnace.  Alloy  steels;  nickel;  vanadium:  manganese' 
chrome;    tungsten,   etc.      Self-hardening,   high-speed   steels. 

Practical  metallography  of  iron  and  steel.  Macroscopic  examination.  Micro- 
scopic examination  of  wrought  iron,  pipe  steel,  low  carbon  and  structural  steel 
Shafting,  etc.  Medium  and  high  carbon,  rails  and  tires.  Tool  steels.  Cast  irons! 
Comparison  of  good  with  bad  material.  Relation  between  structure  and  proper- 
ties.     Corrosion.      Standard   specifications.      Electrometallurgy   of   iron   and   steel. 

Second  year  students  in  Civil,  Electrical,  and  Mechanical  Engineering.     Pre- 
requisite: Chemistry  3  or  4  and  Physics  3-4. 

138— Metallurgy  of  Iron  and  Steel,     i  hour.    Professor  Campbell. 

Advanced  Course.  A  detailed  study  of  the  constitution  of  iron  and  steel  and 
the  effects  of  heat  and  mechanical  treatment  upon  the  constituents.  Discussion  of 
the  various  processes  of  manufacture  of  iron  and  steel,  alloys  steels,  etc.  The 
iron  and  steel  industry  of  the  United  States,  Germany,  England,  and  other  coun- 
tries.     Standard   methods  of   testing. 

Fourth    year   students    in    Metallurgical    Engineering.      Fre-requisite:    Metal- 
lurgy 131. 

141 — Electrometallurgy,     i  hour.     Professor  Kern. 

Theory  of  the  electric  current,  and  its  application  in  the  treatment  of  ores, 
refining  of  metals,  and  production  of  refractory  alloys.  Theory  of  electrolysis; 
determination  of  efficiency.  The  solution  pressure  scries  of  the  metals,  and  its 
application  in  the  refining  of  copper,  lead,  iron,  nickel,  antimony,  tin,  zinc,  gold, 
and  silver.  Electrolytic  refining  of  copper.  Electrolytic  refining  of  lead.  Treat- 
ment of  anode  residual.  Parting  of  silver  and  gold  by  electrolysis.  Refining  of 
gold  alloys.  Electrolysis  of  fused  electrolytes;  production  of  aluminum;  treatment 
of  sulphide  ores,  etc.  Electric  furnaces  used:  for  smelting  ores,  for  refining 
metals,  and  for  manufacture  of  refractory  alloys.  Efficiency  of  electric  furnaces; 
cost    of   constructing   and   maintaining. 

Fourth   year  students   in    Mining  and   Metallurgical    Engineering,   and   Chem- 
istry.    Pre-requisite:  Chemistry  3  or  4  and  Physics  3-4. 

148— Electrometallurgy,  i  hour  conference.     Professor  Kern. 

Advanced  Course.  Construction  of  electrolytic  refineries;  calculations  of  cur- 
rent, and  power  efficiencies.  Selection  of  most  suitable  electrolyte,  and  most 
economical  current  density.  Labor-saving  appliances.  Electrolytic  deposition  of 
copper,  lead,  zinc,  nickel,  gold  and  silver  from  solutions  obtained  by  leaching  their 
ores.  Production  of  solid  deposits,  and  laws  governing  the  same.  Role  of  current 
density  in  the  electrolysis  of  aqueous  and  fused  electrolytes,  and  in  the  operation 
of  electric  furnaces.  Application  of  thcrmochemical  calculations  to  electrolytic, 
electro-thermic,  and  electric  furnace  operations.  Calculation  of  efficiencies  of 
electric   furnaces  and  of  electro-thermic  operations. 

Fourth    year   students   in    Metallurgical    Engineering.      Pre-requisite:    Metal- 
lurgy 141. 

151 — Constitution  and  Properties  of  Alloys.  2  hours.  Professor 
Campbell. 

Pyrometry  and  freezing  point  or  cooling  curves.  Various  types  of  curves  and 
their  meaning.  Examples  of  the  same.  Constitution  of  the  various  binary  alloys. 
Methods  of  manufacture  of  commercial  alloys.  Ternary  alloys.  The  phase  rule. 
Change  of  structure  in  the  solid  state,  pure  metals,  alloys,  bronze,  brass,  steel. 
Methods  of  metallographic  research. 

Fourth   year    students    in    Metallurgical    Engineering.      Pre-requisite:    Metal- 
lurgy  111;    Parallel  Metallurgy   131. 

J55-6 — Metallography.    Iron,    Steel   and   Industrial   Alloys.     Six 

lectures  and  7  or  more  afternoons  laboratory.     Professor  Campbell. 

Methods  of  examination.  Comparison  of  good  and  bad  material;  wrought  iron, 
low  carbon  steel,  structural  steel,  rail  steel,  tool  steel,  etc.  Examination  of  brasses, 
bronzes,  bearing  metals  and  other  industrial  alloys.  Relation  between  chemical 
composition,   physical   properties   and   microstructure. 

Course   for    students  in    Mechanical   Engineering,    and    for   special   students. 
Pre-requisite:  Metallurgy  131   or  134. 
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158— Advanced  Course  on  Constitution  and  Property  of  Alloys. 
1  hour.     Professor  Campbell. 

Discussion  of  binary  alloys      Ternary  diagrams  with  examples.     The  constitution 
of  silicates    sulphides,   arsenides,   etc.      Recent   advances  in   Metallography 
fourth   year  students   in   Metallurgical   Engineering  3' 

Pre-requisite:   Metallurgy   151. 

62S— Summer  Course  in  Non- Ferrous  Metallurgy.  Professor  Kern 

theFsummeCrr.iPti0n   **   P3gC  4I"      *    WCGk  fidd  W°rk  at  metallur8*cal   plants   during 

the*  k^weik  inrAprilfie,d  W°rk  Wi"  bC  *Ven  in  ^  one-hour  conferences  during 
Third  year  students  in  Mining  Engineering. 

64S— Summer  Course  in  Ferrous  Metallurgy.   Professor  Campbell. 

For  description  see  page  41.     Third  year  students  in  Metallurgical  Engineering. 
Pre-requisite:    Metallurgy  101.  6  8 

66S— Summer  Course  in  Non-Ferrous  Metallurgy.  Professors 
Walker  and  Kern. 

For  description  see  page  41.     Third  year  students  in  Metallurgical  Engineering. 
Pre-requisite:    Metallurgy  122.  &  fa 

72— Metallurgical  Laboratory.  10  consecutive  afternoons,  second 
term.    Professor  Campbell  and  Professor  Kern. 

Calibration  of  Le  Chatelier  pyrometer.  Cyaniding  and  chlorination  of  gold  ores. 
Roasting  of  copper  matte,  and  use  of  pyrometer.  Desilverizing  of  base  bullion 
by  .farke  s  process.     Microscopic  metallography.     Thermal  treatment  of  steels. 

.fourth   year  students   in   Mining   Engineering. 

Pre-requisite:   Metallurgy  111.     Parallel:   Metallurgy  122. 

171— Metallurgical  Laboratory.  3  afternoons.  Professors  Camp- 
bell and  Kern. 

Calibration  and  comparison  of  thermo-electric,  optical  and  radiation  pyrometers. 
Determination  of  the  calorific  power  of  fuels  by  the  Mahler-Berthelot  calorimeter 
Microscopic  study  of  metals  and  alloys.  Thermal  and  mechanical  treatment  of 
steels.  Roasting  of  copper  matte,  and  use  of  pyrometer.  Production  of  blister 
copper  by  the  reaction  process.  Refining  of  blister  copper.  Desilverization  of 
base  bullion  by  Parke  s  process.  Cyaniding  of  gold  and  silver  ores.  Chlorination 
of  gold  ores.  Electrolytic  refining  of  copper  and  lead  bullion.  Fusibility  of  slags 
and  refractory  materials.  6 

Fourth    year   students    in    Metallurgical    Engineering.      Parallel:    Metallurgy 
1U1   and   111. 

172— Metallurgical  Laboratory.  2  afternoons.  Professors  Walker, 
Campbell  and  Kern. 

Special  investigation  in  some  subject  or  subjects  in  either  ferrous  or  non-ferrous 
metallurgy.     Subjects  are  similar  to  those  noted  under  the  head  of  Met.  201-202 
fourth  year   students  in   Metallurgical   Engineering. 
Pre-requisite:     Metallurgy  171. 

173-174— Metallurgical  Laboratory.  Professors  Campbell  and 
Kern. 

Special   work   along  the  lines  indicated    under   the   head   of   Metallurgy   201-202 
lhis    work    is   intermediate    between    that    of    Metallurgy    171    and    201-202    and    is 
designed    for    those    desiring    to   take    an    advanced    metallurgical    laboratory    course 
without   confining  themselves   to   special   research    work 
Pre-requisite:     Metallurgy   171. 

175— Metallurgical  Investigation.  1  hour  conferences.  Professors 
Walker  and  Campbell. 

Fourth   year   Metallurgical   Engineers.     Pre-requisite:   Metallurgy    122.     Pre- 
requisite or  parallel:   131,    141. 
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77 — Metallurgical  Plant  Construction.      Professor  Walker. 

General  design  of  metallurgical  plants  and  problems  entering  into  the  con- 
stiuction  of  same. 

Special  work  is  assigned  to  each  student,  which  is  carried  on  under  direct  and 
constant  supervision  in  the  drafting  room  and  laboratories.  The  experience  gained 
in  visits  to  metallurgical   plants  is  brought   into  practical  use. 

Fourth     year     Metallurgical     Engineers.       Pre-requisite:     Drafting    3-4,     7-8; 
Civil   Engineering  63;   Metallurgy   122,  64S  and  66S. 

8i — Assaying.    2  hours,  3  afternoons.    Professor  Hall. 

Ores  and  metallurgical  products.  Text-books:  Fulton's  Manual  of  Assaying. 
The  assays  included  in  this  course  are:  Preliminary  (reagents,  etc.):  lead  ores; 
gold  and  silver  ores;  pure  and  impure,  including  galena,  stibnite,  arsenopyrite, 
blende,  pyrite,  tellurides,  etc.;  mattes  and  tailings;  corrected  assays  and  cyanide 
solutions;    gold,   silver   and   lead   bullions. 

Third   year   students  in    Mining   Engineering   and   Metallurgical   Engineering. 
Pre-requisites:    Chemistry  3   or  4  and  61  or  62;   Mineralogy   1-2  or  7-8. 

82S — Summer  School  in  Assaying.    Professor  Hall. 

182 — Assaying.  2  lectures  or  recitations.  2  afternoons.  Professor 
Hall. 

A  short  course   covering  practically  the  same  ground  as  Met.  81. 

Third    year   students    in    Chemical    Engineering   and    Chemistry. 
Pre-requisites:  Chemistry  3  or  4  and  61  or  62;  Mineralogy  1-2  or  7-8. 


188 — Assaying.    Advanced  course.    Professor  Hall. 

For   those   desiring   to   take   special   work   in   assaying. 
Prerequisite:     Metallurgy  81   or  182. 

Graduate  Courses 

Special  courses,  consisting  of  original  research,  will  be  arranged  for 
graduate  students  according  to  their  individual  needs  and  abilities. 
Most  of  these  researches  will  consist  of  work  in  the  departmental  lab- 
oratories, but  others  will  consist  of  study,  and  still  others  of  work  in 
industrial  establishments. 

The  following  list  shows  what  subjects  are  suited  to  these  courses: 

201-202  (a) — Advanced  work  on  some  problem  in  general  metal- 
lurgy, as  for  example: 

In  Calorimetry:  Determination  of  the  calorific  power  of  fuels,  or 
testing  some  law  in  calorimetry; 

In  Pyrometry:  Determination  of  the  temperatures  of  metallurgical 
and  other  industrial  high-temperature  operations; 

On  Refractory  Materials:  Their  resistance  to  heat  and  corrosion; 
their  tendency  to  slack;  their  contraction  and  expansion,  etc.; 

On  Slags:  Their  formation  temperature,  melting  points,  flowing 
points,  and  their  density  and  viscosity  when  molten; 

(b) — In  the  Metallurgy  of  Copper: 

The   chemistry   of   roasting   processes,    such    as   the   elimination  of 
arsenic  and  sulphur;  chloridizing  and  sulphate  roasting,  etc. 
The  reactions  of  smelting  processes; 
Wet  methods  of  extraction; 
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(c) — In  the  Metallurgy  of  Lead,  Silver,   Gold,  etc.: 

The  blast-roasting  of  sulphides,  and  others  mentioned  above  under 

(6); 

(d) — In  the  Metallurgy  of  Iron  and  Steel: 

The   effect  of  various   constituents  on  Iron  and  Steel. 

The  heat  and  mechanical  treatment  of  Iron  and  Steel;  effect  on 
physical  properties  and  microstructure. 

The  study  of  alloy  steels  and  the  effect  of  heat  treatment. 

Case  hardening,  etc. 

(e)—ln  Electrometallurgy:  Testing  electrometallurgical  principles, 
refining,  extraction  and  depositing  process; 

(f)—  On  Alloys:  The  constitution  and  properties  of  alloys,  embrac- 
ing a  microscopic,  pyrometric  and  mechanical  or  physical  examination 
with  a  correlation  of  the  results; 

(g) — In  Metallography:  Metallography  of  iron,  steel,  industrial  al- 
loys or  metallurgical  products,  as  mattes,  slags,  etc. 

Pre-requisite  for  201-202:   Metallurgy  122,  131,  141  and  171,  or  equivalent. 

MINERALOGY 

1-2 — Descriptive  and  Determinative  Mineralogy.  3  hours  lectures 
throughout  the  year,  6  hours  laboratory  first  term,  3  hours  laboratory 
second  term.     Professors  Moses,  Luquer  and  Assistants. 

The  elements  of  crystallography.  The  blowpipe  analysis  of  ores  and  other  sub- 
stances. The  study  of  the  important  minerals,  the  purpose  being:  ist.  Sight  recog- 
nition of  average  specimens  of  all  common  or  economically  important  species; 
2d.  Rapid  determination  of  the  less  characteristic  specimens  by  simple  tests;  3d. 
Familiarity  with  economic  characters. 

Pre-requisite:    Entrance  requirements  in   Chemistry  and  Physics.      Prescribed 
course  for  students  in   Mining. 

5— The  Minerals  01  Building  Stones.  2  hours  lectures  and  1  after- 
noon laboratory.     Professor  Luquer  and  Assistants. 

Study  of  common  species,  their  properties,  methods  of  determination,  and  their 
economic  effect  on  building  stones. 

Pre-requisite:     Entrance    Chemistry    and    Physics.      Prescribed    for    students 
in   the    course    of    Civil    Engineering. 

6 — Optical  Mineralogy.  In  sections,  2  afternoons  per  week  for  first 
seven  weeks  of  term.     Professor  Luquer  and  Assistant. 

Principles,  apparatus,  and  distinguishing  characters  of  minerals  in  thin  sections. 
Consists  principally  in  the  determination  of  minerals  in  rock  sections  by  the  aid 
of  the  polarizing  microscope.  Supplements  Courses  5,  1-2  and  7-8  and  is  prelimi- 
nary to  Geology  4    (petrography). 

Pre-reouisite:    Course   5,    or   part    of    Course    1-2,    or   7-8,    or   the    equivalent. 
Prescribed  for  students  in  Mining  and  Metallurgy. 

7-8 — Descriptive  and  Determinative  Mineralogy.  3  hours  lectures, 
3  hours  laboratory.     Professors  Moses,  Luquer  and  Assistants. 

Modification  of  Mineralogy  1-2.     Lectures  identical,   laboratory  work   condensed. 
Prescribed  course  for  students  in  Metallurgy. 
Prerequisite:  Entrance  Chemistry  and  Physics. 
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io— Mineralogy  and  Crystallography.  2  hours  lectures  and  3  hours 
laboratory.     Professor   Moses  and  Assistant. 

Supplements  Mineralogy  15-16  by  first,  further  instruction  in  sight  recognition 
cL\T/n?,  tulT  iZ  °\  TC1CS'a  S^cfnd..cry.stal  measurement  and  determination  of 
SSffig  mfcrosc^pe.         y   a        determination   of   minerals  and  crystals  with   the 

Cl^mistr?.UiSite:      Mineral°ey    15-16-      described    for    third-year    students    in 

15-16— Determinative  Mineralogy.     3  hours  laboratory.     Professor 

Moses  and  Assistants. 

indSustHeSreCOgniti0n    ^    determination    of    minerals    important    in    the    chemical 

Pre-requisite:    Entrance    Chemistry    and    Entrance    Physics.      Prescribed    for 
students  in  Chemistry  and  Chemical  Engineering. 

MINING 

Undergraduate  Courses 

51— Excavation  and  Tunneling.  3  hours,  third  year.  Professor 
Peele. 

m3,X^Va^°n  °f-  farth;  toois  a,nd  methods  employed,  support  of  excavations,  special 
methods  for  quicksand  and  other  water-bearing  material;  steam  shovels  and  other 
mechanical  excavators;  handling  and  transportation  of  excavated  material;  com- 
parative costs.  Explosives:  black  powder,  nitro-glycerine  and  its  compounds,  and 
other  high  explosives;  their  composition,  manufacture,  and  use.  Excavation  of 
rock:  methods  of  drilling  and  blasting  mammoth  blasts,  submarine  blastings  Rail- 
road tunnels:  methods  of  driving  and  timbering;  handling  and  transportation  of 
excavated  material;  drainage  and  ventilation;  lining  of  tunnels,  subaqueous  tun- 
nels. Mine  tunnels;  examples  from  practice;  sizes,  details  of  driving,  timbering, 
rates  of  advance  and  costs. 

Required  of  students   in  the   course  of  Mining  Engineering.     Pre-requisite* 
Entrance  requirements  in  Mathematics,  Chemistry,  and  Physics. 

52— Boring  and  Shaft  Sinking.  2  hours,  third  year.  Professor 
Peele. 

Boring:  methods  and  appliances  for  small  depths  and  for  deep  boring;  rod 
boring  and  oil-well  or  churn  drill  method;  boring  with  core  drills,  for  prospecting 
and  other  purposes;  survey  of  bore-holes.  Shaft  sinking:  methods  and  tools  em 
ployed  in  rock  and  in  soft  material,  sinking  linings  or  drop-shafts,  freezing  and 
other  special  methods  of  sinking  in  soft  water-bearing  formations;  drainage  of 
shafts;  handling  and  hoisting  of  excavated  material.  Shaft  timbering,  walling, 
tubbing     and   other    forms   of   lining.      Costs   of    shaft   sinking. 

Required   of   students   in    the   course   of  Mining    Engineering.      Pre-requisite: 
Mining  51. 

53— Excavation,  Tunneling,  Boring  and  Shaft  Sinking.  2  hours, 
second  year.    Mr.  Judd. 

A  condensation  of  courses  51  and  52,  in  which  attention  is  given  only  to  those 
operations  that  are  of  special  interest  to  the  civil  engineer.  Excavation  and 
transport  of  earth  for  structural  purposes  and  railroad  grading;  steam  shovels  and 
dredges.  Explosives.  Excavation  of  rock;  methods  of  drilling  and  blasting;  sub- 
marine blasting;  railroad  tunnels;  quarrying;  testing  for  foundations  in  earth, 
rock  and  watery  material;  well  drilling;  shaft  sinking  by  usual  and  special 
methods.  r 

Required    of    students    in    the   course    of    Civil    Engineering.      Pre-requisite: 
Entrance  requirements  in  Mathematics,  Chemistry  and  Physics. 

54— Exploration,  Development,  and  Methods  of  Working.  3  hours, 
third  year.     Professor  Munroe. 

Mineral  deposits,  characteristics  of  beds,  masses,  veins,  and  other  deposits,  and 
the  irregularities  and  disturbances  to  which  they  are  subject,  as  affecting  the  work 
of  exploration  and  mining.  Examination  and  survey  of  mineral  properties;  rela- 
tion of  topography  to  geological  structure;  construction  of  maps  and  sections;  and 
tracing  of  probable  outcrops  as  a  guide  to  exploration.  Prospecting  by  ditches, 
pits,  and  deep  boring.  Development;  choice  of  methods;  location  of  openings. 
VVorkmg  of  deposits  and  support  of  excavations;  theoretical  considerations,  methods 
of  breaking  ground  in  coal  and  metal  mining,  and  support  of  mine  excavations  by 
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pillars  of  mineral,  by  timbering,  by  masonry,  and  by  rock  filling;  methods  of 
working  applicable  to  deposits  of  different  thickness,  inclination,  and  character. 
Coal  mining;  vein  mining;  working  of  thick  deposits  and  soft-ore  bodies.  Salt 
mining.      Surface   working.      Hydraulic   mining  and   gold   dredging. 

Required  of  students  in  the  courses  of  Mining  and  Metallurgical  Engineering. 
Pre- requisite:  Geology  5-6.  Pre-requisites  or  parallels:  Geology  105-106,  Min- 
ing 51  and  52.  Accepted  together  with  Mining  81  and  82,  or  with  Mining  56 
and  91,  as  a  minor  for  the  degree  of  A.M. 

56— Mine  Engineering.    3  hours,  fourth  year.    Professor  Munroe. 

Ventilation;  air  of  mines;  mine  gases;  methods  of  ventilation;  control  and 
measurement  of  air  currents.  Drainage:  sources  of  mine  waters;  methods  for  the 
control  and  raising  of  water;  dams;  drainage  levels.  Water  supply.  Surface 
handling  and  transportation;  arrangements  for  loading  and  unloading  cars  and 
vessels,  and  for  storing  of  minerals.  Mineral  railroads.  Common  roads.  Acci- 
dents to  men  in  shatts,  levels  and  working  places;  fire-damp  and  dust  explosions; 
mine  fires;  inundations;  rescue  and  relief  of  men.  Mine  surveying,  mine  maps 
and  models.      Examination,  sampling  and  valuation   of  mines. 

Required  of  students  in  the  course  of  Mining  Engineering.  Pre-requisites  or 
parallels:  Mining  54  and  71-72,  Civil  Engineering  76  and  28.  Accepted  to- 
gether with  Mining  54  and  91,  as  a  minor  for  the  degree  of  A.M. 

71-72 — Mine  Plant.    3  hours,  fourth  year.     Professor  Peele. 

Description  and  critical  discussion  of  the  machinery  and  appliances  employed  in 
the  equipment  of  mines;  design,  erection  and  care  of  plant.  Hoisting:  engines, 
drums,  wire  rope,  skips  and  cages,  head-frames;  calculation  of  power  required  and 
methods  of  equalizing  the  load  on  the  engine;  shaft-sinking  plant,  over-winding. 
Drainage:  buckets,  tanks  and  hand-pumps;  Cornish  and  direct-acting  underground 
pumps;  operation  of  pumps  by  electricity,  compressed  air,  and  hydraulic  power. 
Centrifugal  pumps.  Ventilation:  underground  furnaces,  positive  blowers,  and 
centrifugal  fans;  theory  and  efficiencies  of  fans.  Air  compressors:  simple  and 
compound  (stage)  compression;  methods  of  dealing  with  heat  of  compression;  con- 
veyance of  compressed  air  in  pipes;  reheating;  operation  of  machinery  by  com- 
pressed air;_  efficiencies.  Machine  drills;;  coal-mining  machines  or  coal-cutters. 
Handling  mineral  in  working  places.  Mine  cars;  arrangement  and  construction 
of  tracks.  Underground  haulage;  hand  tramming;  mule  haulage;  gravity  roads; 
steam,  compressed-air,  and  electric  locomotives;  rope  haulage;  efficiencies;  compari- 
son  of  systems  of  haulage. 

Required  of  students  in  the  course  of  Mining  Engineering.  Pre-requisite: 
Mining  51,  52  and  54,  and  Mechanical  Engineering  13-14.  Accepted  together 
with  Mining  73  and  75,  as  a  minor  for  the  degree  of  A.M. 

73 — Mine  Constructions.     1  hour,  fourth  year.     Professor  Peele. 

Building-stones;  bricks;  limes;  cements  and  concretes.  Foundations  in  various 
soils;  retaining  walls;  masonry  and  timber  construction,  with  special  reference  to 
mine  work;  mine  buildings;   trestles;   ore-bins. 

Required  of  students  in  the  courses  of  Mining  and  Metallurgical  Engineering. 
Accepted  together   with    Mining  71-72   and  75,   or   with   Mining   81,    82   and 
75,  as  a  minor  for  the  degree  of  A.M. 

75 — Design  of  Mine  Plant.  4  afternoons,  fourth  year.  Professors 
Peele  and  Kurtz  and  Mr.  Judd. 

The  students  are  assigned  problems  in  the  design  and  construction  of  mine  plant, 
in  connection  with  the  development  of  a  mine.  This  work  supplements  the  lectures 
on  the  design  of  mining  machinery,  involving  reading  and  study,  and  the  prepara- 
tion of  working  drawings,  covering  certain  portions  of  the  plant,  together  with 
bills  of  material,  specifications,  and  estimates.  As  these  drawings  are  intended  to 
accompany  and  illustrate  in  part  the  graduating  theses  or  projects,  the  designs  are 
made  in  accordance  with  the  subjects  and  conditions  therein  assigned.  The  work 
is  done  under  constant  supervision  and  advice  in  the  draughting-room. 

Required    of  students    in  the   course   of    Mining   Engineering.      Pre-requisite: 

Drafting  3-4,    7-8,    Civil    Engineering  53,   Mining  59.      Parallel:    Mining  71-72. 

Accepted  together  with   Mining  71-72  and  73,   or  with  Mining  81,   82  and  73, 

as  a  minor  for  the  degree  of  A.M. 

77-78 — Graduating  Thesis  or  Project.    Professor  Peele. 
Mining   Thesis 

The  subjects  for  the  graduation  theses  are  assigned  during  the  third  year,  and 
are  made  a  part  of  the  regular  course  of  instruction.  The  subject  given  in  each 
case   is   the  problem    of    the   opening  and    development   of   a  mine,   supposed  to   be 
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SSfiS  «V°n?e  welJ-kVown  mining  district,  and  for  which  certain  definite  con- 
n nlntf.       f  ^  a?d  cl?ara,cter  of  ore  body>  amount  of  water  to  be  pumped,  and 

quantity  of  ore  to  be  mined,  are  assumed.  During  the  summer  field  work  in  min 
mg  the  student  incidentally  obtains  data  for  his  thesis  work  This  information is 
supplemented  by  study  of  books  and  technical  literature.  During  the  fourth  yea? 
tfv  ^H3  UPlU  thef.Pr°Per  «"*"°ds  for  opening,  developing,  and  working  the  prop 
erty;  and  makes  estimates  of  the  plant,  machinery  and  capital  required     the  cost  of 

r±<ngi  and  thC ,pr?babI5  pr0fitS-     He  also  works  out  in  derail  ce^ 

proposed    mine   plant,    and    prepares  a   set   of  working   drawings,   bills    of   materials 

££SS£a!£5lteSeftSl.  ThlS  -W°rk'  ,d°ne  UndCr  the  ^P^visionof  cmnpeten 
instructors,  consiitutes  both  a  review  and  a  series  of  practical  applications  of  the 
preparatory  studies  and  enables  the  students  to  discover  and  remedy  their  de 
hciencies,  giving  them  confidence  in  their  ability  to  work  out  similar  problems  later 

nr  n=r,Tir?d   a  ii  ^i"   CntS  -m  J*1*  COurs<:   °f   Mining   Engineering.     Pre-requisites 
or  parallel:    All  the  required  courses  in  Mining. 

80— Mill  Constructions,     i  hour,  fourth  year.     Professor  Kurtz. 

Installation   and    operation    of  mechanical   power  transmission    and   auxiliary   ma- 
chinery  ,n   works   for  the  _  mechanical  treatment  of  minerals.      Dealing  with   shaft- 
ing, bearings,  pulleys,   belting,  rope  drives,  gearing    etc  rearing   witn    snatt 
Pre-requisite:    Mechanical   Engineering  13-14. 

81— Ore  Dressing,  Milling,  and  the  Mechanical  Preparation  of 
Coal.     4  hours,   fourth  year.     Professor  Munroe. 

The  general  principles  and  theory  of  dressing;  preliminary  operations:  hand 
dressing;  cleansing;  crushing;  jigging  with  and  without  preliminary  sizing;  slime 
concentration;  magnetic  and  electro-static  separation;  oil  and  flotation  processes: 
milling  of  gold  ores;  descriptions  of  typical  dressing  works  and  coal-washing 
plants   in    this   country   and   abroad. 

Required   of   students    in    courses  of   Mining  and    Metallurgical    Engineering. 
Ire-requisite:     Mineralogy  1-2,  Physics  3-4,  and  Mechanics  102.     Accepted 
together  with  Mining  54  and  82,  or  with  Mining  82,  73  and  75  as  a  minor  for 
the  degree  of  A.M. 

82— Ore-dressing  Laboratory.  Afternoon  work  for  three  weeks, 
fourth  year.     Professors  Munroe  and  Kurtz  and  Mr.  Judd. 

Mechanical  testing  of  ores  by  laboratory  methods;  working  tests  with  simple  appa- 
ratus;  adjustment   and  operation  of  concentrating  machines. 

Required   of   students    in    courses  of   Mining  and    Metallurgical    Engineering. 
•  ,re»7equislt^:      Mimng  81.     Accented   together    with    Mining  54   and  81,   or 
with  Mining  81,  73  and  75,  as  a  minor  for  the  degree  of  A.M. 

9i— Mine  Administration.  2  hours,  fourth  year.  Professors 
Munroe  and  Kurtz. 

Administration,  organization,  and  business  management,  mine  accounts,  and  cost 
sheets. 

Required  of  students  in  courses  of  Mining  and  Metallurgical  Engineering. 
Pre-requisite:  Mining  54.  Accepted  together  with  Mining  54  and  56,  as  a 
minor  for  the  degree  of  A.M. 

94— Mining  Law.    2  hours,  fourth  year.     Professor  Kurtz. 

General  principles  of  real  estate  law.  Historical  review  of  mining  laws  of  dif- 
ferent countries.  Federal  laws,  concerning  locations  on  public  lands  of  the  United 
Mates.      State  and   territorial  mining  laws. 

Pre-requisite:  Civil  Engineering  27,  Mining  54. 

Summer  Courses 

58 — Summer  Class  in  Mine  Surveying  is  held  in  June,  at  a  mine 
in  a  near  locality,  and  lasts  one  week.  Professors  Munroe  and  Kurtz 
and  Mr.  Judd. 

Pre-requisite:    Civil    Engineering  27. 

59— The  Summer  Courses  in  Practical  Mining.  Professors  Peele 
and  Kurtz  and  Mr.  Judd. 

Held  in  June  and  July,  at  some  mine  or  mines  selected  for  the  purpose,  in  the 
vacation  between  the  third  and  fourth  years,  and  lasts  six  weeks  (for  details  see 
page  40). 

.    Pre-requisite:     Mining  51,  52  and  54,  Civil  Engineering  15  and  27,  Mechan- 
ical Engineering  13-14,  and  Geology  105-106. 
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Graduate  Courses 

Special  courses,  consisting  of  personal  instruction,  reading  and  ex- 
perimental investigation,  will  be  arranged  for  advanced  students  ac- 
cording to  their  individual  needs  and  ability.  These  investigations  will 
be  made  at  mines  and  dressing  works  either  in  connection  with  the 
Summer  class  or  elsewhere  as  assigned,  with  additional  work,  as  re- 
quired, in  the  library  and  in  the  laboratories  of  the  department.  The 
time  required  is  governed  by  the  rule  that  a  full  course  should  occupy 
10  hours  (outside  reading  and  study  included)  per  week  for  a  half  year. 
Any  of  the  following  may  be  offered  for  the  degree  of  A.M.  by  students 
who  have  had  the  appropriate  pre-requisites : 

101-102 — Mining  and  Ore  Dressing.  Mining  54,  81  and  82,  with 
laboratory  work  and   reading  as  required.     Two  full  courses. 

Under  the  regulations  for  the  degrees  of  A.M.  and  Ph.D.  the  following  courses 
may  be  offered  by  graduate  students  who  have  had  all  the  undergraduate  courses 
in  mining  or  their  equivalent. 

201-202— Methods  of  Mining.  Critical  study  of  methods  used  in 
some  mining  region,  or  for  a  certain  class  of  deposits ;  output  per  man, 
amount  of  timber  and  explosive  required,  and  other  details  affecting 
cost.  Study  of  conditions  as  determining  choice  of  method.  Deter- 
mination of  loss  of  mineral  in  mining.  Accidents  to  men.  Two  full 
courses. 

203-204— Mining  Plant.  Critical  study  of  rock  drilling,  or  coal  cut- 
ting, or  hoisting,  or  haulage,  or  ventilating  plant  at  some  mine  or 
mines.  Determination  of  efficiency  and  conditions  affecting  same.  Two 
full   courses. 

207-208— Ore  Dressing.  Critical  study  of  some  detail  of  the 
ordinary  dressing  methods,  crushing,  or  screening,  or  classification,  or 
jigging,  or  slime  treatment,  or  dry  concentration,  or  magnetic  separa- 
tion, or  milling  of  gold  or  silver  ores,  or  mechanical  preparation  of 
coal.  Determination  of  efficiency,  and  of  conditions  essential  to  success. 
Two  full  courses. 

213-214— Economic  Studies  in  Mining.  Study  of  existing  con- 
ditions affecting  the  production  and  cost  of  some  mineral  or  metal, 
as,  for  example,  anthracite  coal,  copper,  or  gold.    Two  full  courses. 

PHYSICAL   EDUCATION 

B1-B2 — Physical  Education.  6  lectures  on  public  and  personal 
hygiene  during  January.  2  hours  a  week  of  athletic  and  gymnastic  exer- 
cises during  the  whole  year,  except  January.  Students  must  report  at 
the  gymnasium  office  within  two  days  after  the  opening  of  the  semester 
and  fill  out  cards  indicating  the  branch  of  athletics  in  which  they  intend 
to  satisfy  the  requirements  of  the  course.  Professor  Meylan,  Mr. 
Kirkpatrick  and  Assistants. 

Note — Students  getting  a  grade  of  B  or  better  in  Physical  Education  A  are 
not  required  to  take   Physical   Education  B1-B2. 
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PHYSICS  AND   MECHANICS 

Mechanics  i — Statics.     2  hours. 

Class  is  divided  into  small  sections  for  recitations.  Coplanar  Statics  is  treated 
by  both  algebraic  and  graphical  methods.     Text:   Maurer's  Technical  Mechanics. 

Required  of  all  first  year  students  in   Engineering.     Pre-requisite-   Entrance 
Physics  and  Entrance  Mathematics   (including  Trigonometry)? 

Physics  3-4— General  Physics:  Mechanics,  Wave-Motion,  Heat 
and  Light.     3  lectures  and  2  recitations. 

Mechanics— Newton's  laws  of  motion;  accelerated  linear  and  angular  motions- 
dimensions;  systems  of  weights  and  measures;  energy,  work,  power;  transforma- 
tions of  energy;  conservation  of  energy;  curvilinear  motion  with  applications; 
gravitation;  linear  and  angular  simple  harmonic  motion;  pendulum;  wave-motion- 
torced   vibrations  and   resonance;    hydrostatics,   molecular   mechanics 

Heat— Nature  of  heat;  expansion;  thermometry;  calorimetry;  specific  heat-  me- 
chanical equivalent  of  heat;  change  of  state;  saturated  vapors  and  hygrometrv 
continuity  of  state;    conduction;  convection;   radiation. 

_  Light— General  discussion  of  wave-theory;  reflection;  refraction;  total  reflection- 
index  of  refraction  and  measurement;  lenses;  dispersion;  spherical  and  chromatic 
aberration;  optical  instruments;  photometry;  color;  fluorescence  and  phosphores- 
cence;   radiant  energy;    spectrum   analysis;    polarization   of   light. 

Required  of  all  first  year  students  in   Engineering.     Fre-requisite:   Entrance 
Physics  and  Entrance  Mathematics  (including  Trigonometry). 

Physics  5— Electricity.  3  lectures  and  2  recitations.  Professor 
Wendell  and  instructors. 

Phenomena  of  electrostatics;  capacity  and  condensers;  electrometers;  current 
electricity  and  methods  of  production;  Ohm's  law  with  applications;  Joule's  law 
with  applications;  thermo-electricity;  magnetic  action  of  currents  with  applications; 
electrical   units;  electro-magnetic  induction;  inductance. 

Required     of     all     second     year     students     in     Engineering.      Pre-requisite: 
Physics  3-4. 

Physics  43-44— Physical  Laboratory.  3  consecutive  hours  a  week 
throughout  the  year.  Professor  Wendell,  Dr.  Morse,  Dr.  Weinrich, 
Mr.  Severinghaus,  Dr.  Stifler,  Mr.  Scott,  Mr.  Brainin,  Mr.  Murphy, 
Mr.  Ulrey. 

This  course  consists  of  quantitative  experiments  with  reports  in  mechanics,  light, 
heat,   electricity,  and   magnetism.     Methods   of   computation,   plotting  and  the   pre- 
cision of  measurements  are  discussed  in  connection  with  the  experiments. 
Pre-requisite:   Physics  3-4.     Parallel:    Physics    5. 

Physics  55— Physical  Measurements.    2  hours.    Dr.  Stifler. 

Critical  discussion  of  physical  measurements  and  computations. 
Pre-requisite:   Physics  3-4.     Parallel:   Physics   5. 

Mechanics  102— Mechanics.  5  hours.  Professors  Burnside, 
Schroeder  and  Webb  and  Mr.  Whittemore. 

This  course  is  a  continuation  of  Mechanics  1,  using  the  same  text  book.  The 
class  is  divided  into  small  sections  for  recitations.  Statics  is  completed;  centers  of 
gravity  and  moments  of  inertia  of  areas  treated  with  aid  of  calculus;  displace- 
ment, velocity,  acceleration,  motions  of  translation  and  rotation,  work  and  energy, 
power,  efficiency,  impulse  and  momentum  are  all  treated  with  special  reference  to 
engineering  problems. 

Required    of   all   second   year  students   in    Engineering.      Pre-requisite:    Me- 
chanics 1,  Physics  3,  and  Mathematics  64-65. 

Mechanics  105 — Thermodynamics.  2  hours.  Professors  Wills 
and  Pegram. 

An  idea  of  the  nature  of  the  course  may  be  obtained  from  the  following  topical 
headings:  The  nature  of  heat;  thermometry;  calorimetry;  heat  and  work  diagrams; 
the  First  Law;  applications  to  gases,  perfect  and  actual;  the  work  of  Carnot;  the 
Second  Law;  the  Kelvin  absolute  scale  of  temperature;  the  combination  of  the  two 
laws;    application   to   the  problem  of   change   of   state;   the  properties  of  saturated 
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and   superheated  steam;    theory  of  the  "plug  experiment";   the  flow  of  fluids   from 
orifices. 

Pre-requisite:  Physics  4  and  Mechanics  102. 

Mechanics  107-108— Theory  of  Electricity  and  Magnetism.  2  hours 
first  half-year,  3  hours  second  half-year.     Professor  Wills. 

The  fundamental  principles  of  electricity  and  magnetism  are  developed  and  dis- 
cussed with  particular  reference  to  the  bearing  which  they  have  in  relation  to  the 
science  of  electrical  engineering.  The  course  concludes  with  an  introduction  into 
the  theory  of  alternating  currents. 

Pre-requisite:  Physics  5  and  Mathematics  64-65. 

Mechanics  109-1 10— Theory  of  Alternating  Current  Machines  and 
Theory  of  Electrical  Circuits.  4  hours  first  half-year,  3  hours  second 
half-year.     Professor  Pupin. 

Pre-requisite:  Mechanics  107-108. 

Physics  52— Conduction  of  Electricity  in  Gases.  5  2-hour  lectures. 
Professor  Davis. 

Mathematical  Physics  201— Vector  Analysis  and  Mathematical 
Introduction.     4  hours.     Professor  Wills. 

Mathematical  Physics  203-204— Partial  Differential  Equations  of 
Physics.    2  hours.     Dr.  Webb. 

Laplace's  Equation;  Poisson's  Equation;  Equation  of  Heat  Conduction;  Teleg- 
rapher's Equation;  Fourier's  Series;  Spherical  Harmonics;  Bessel's  Functions. 

Mathematical  Physics  206 — Mechanics.  4  hours.    Professor  Wills. 

An  advanced  course  on  Mechanics  developed  with  special  reference  to  the  gen- 
eral methods  of  d'Alembert,  Lagrange,  Jacobi  and  Hamilton. 

Mathematical  Physics  208 — Elasticity.   2  hours.     Professor  Wills. 

Mathematical  Physics  215-216— Electricity  and  Magnetism  and 
Electro-Magnetic  Theory  of  Light.       2  hours.    Professor  Pupin. 

Mathematical  Physics  223-224 — Recent  Advances  in  Electrical 
Theory.      2  hours.     Professor  Pupin. 

For  other  courses  in  experimental  and  mathematical  physics  the 
student  is  referred  to  the  Announcement  of  the  Division  of  Mathe- 
matical and  Physical  Science. 

SHOP  WORK 

The  shop  work  is  done  in  the  Macy  Building,  which  has  full  modern 
equipment,  including  the  best  types  of  improved  machine  tools  for  wood 
working  and  metal  working  in  shops  that  provide  for  groups  of  twenty 
to  twenty-four  students  to  a  section. 

Shop  work  in  wood  is  planned  to  lead  up  to  pattern  making  and 
foundry  work.  The  equipment  includes  benches  for  joinery  and  pattern 
making  with  the  necessary  hand  tools  and  individual  speed  lathes  for 
wood  turning,  a  motor-head  speed  lathe  of  large  size,  36-inch  band  saw 
and  trimmers  of  the  most  recent  type.  There  are  also  available  for 
working  up  stock  and  special  projects  a  saw  bench,  surfacer,  jointer, 
mortising  machine,  all  of  the  latest  type. 

Shop   work   in   metal   includes   foundry,    forging  and   machine-shop 
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practice.  The  foundry  contains  molding  benches  for  twenty  students, 
and  necessary  tools  for  all  kinds  of  bench  work  in  snap  flasks,  floor 
molding,  loam  work,  and  the  application  of  sweeps  to  the  making  of 
molds,  together  with  melting  pits  for  the  melting  of  brass  and  bronzes 
and  a  cupola  for  melting  cast  iron.  In  the  forge  shop  there  are  twenty 
forges  with  anvils,  tools  and  vises,  a  30-pound  Bradley  power  hammer 
and  a  400-pound  Billings  and  Spencer  drop-press.  The  machine  shop 
contains  lathes,  swinging  from  twelve  to  twentv  inches,  planers,  drill- 
presses,  universal  milling  machines,  and  grinding  machines,  with  ex- 
amples of  direct-connect  motor  and  belt  drives  for  each.  A  Jones  and 
Lamson  flat  turret-lathe  and  a  Warner  and  Swasey  screw  machine  are 
used  for  demonstrating  modern  methods  of  economical  repetition  pro- 
duction. In  conjunction  with  all  the  shops  there  is  a  well-equipped 
tool-room,  the  attendance  record  is  kept  bv  a  time-keeper's  recording 
clock,  and  the  organization  and  atmosphere  of  a  commercial  shoo  are 
aimed  at. 

1— Wood-turning  and  Pattern-making.     2  afternoons.     Mr.   Con- 

STANTINE. 

Shopwork,  demonstrations  and  shop  visits.  The  construction  of  typical  patterns 
?a/L  lb0XeJ'  solld»tsPj,t  and  P^e,  involving  the  use  of  bench  tools  and  turning 
lathe.      Second  year  students  in  Mechanical   Engineering.  g 

2— Molding  and  Foundry  Practice.  1  afternoon.  Professor 
Sleffel. 

^v!nf°^°rlk'   demonstrations  and   shop   visits.      Bench   molding  with  type   patterns, 
fa&eS&S  gErneginSeeHnga.nd  ^  ^  m°lding  in  dry  San<L     ScCOnd  "ear  student* 

10S— Machine  Work.    Mr.  Walsh. 

^^MS^^TSSS^^ lt  three  weeks  in  June;  Section  n- 

11— Machine    Work.     2    afternoons.    Mr.    Walsh. 

drm  °E,rPkr'   ™n!?n stratio"s  and  ?hoP  vis{ts.     Practical  work  with  the  lathe,  planer, 
rieeeA   work       rllF* chlne> f^nnder.and /urret  lathe.     Assembling,  erection  and 
nggei  s   work.      Third   year   students   in   Mechanical   Engineering. 
Pre-requisite:   Shopwork  10S. 

12— Forging.     2   afternoons.     Professor    Sleffel 

>n.hnnl?tHkr;frdem0n'trati0nS^and  shop  vi?itSl     Management  of  fire,   shaping,   draw- 
Zf~ T  g'   sw!*,n*; 4  welding,    tempering  and   die-forging.      Work   oA   drop    and 

helve  hammers.     Second  year  students  in   Mechanical  Engineering. 

13-14— Machine  Work.     1  afternoon.    Mr.  Walsh. 

As  above.     Second  year  students  in  Electrical  Engineering. 

15— Forging  and  Foundry  Practice.         1     afternoon.       Professor 
Sleffel. 

As  above.     Second  year  students  in  Civil  Engineering. 

16— Machine  Work.     1  afternoon.     Mr.  Walsh. 

As  above.     Second  year  students  in  Civil  Engineering. 

18S— Pattern-making,  Forging,  and  Machine  Work.    Three  weeks 
in  June.    Professor  Sleffel,  Mr.  Constantine  and  Mr.  Walsh. 
As  above.     Second  year  students  in  Chemical  Engineering. 
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SCHEDULE  OF  PRE-REQUISITES  FOR  SUBJECTS  UNDER 
THE  FACULTY   OF  APPLIED  SCIENCE 


Subject 
Astronomy 

105 — Geodesy.     (For  C.  E.) 

106— Geodesy.     (For  C.  E.) 
107S— Geodetic   Surveying    (For   C. 
E.) 

Botany 

7— Growth  and  Character  of  Timber 

Chemistry 

101-102 — Advanced    Inorganic 


121-122 — Physical   Chemistry 


125-126 — Physical  Chemistry 

41-42 — Organic,  lectures 
43M — Organic  laboratory 


1 41-142 — Organic,  general 

143-144 — Organic,  conferences 
I53-J54 — General   Organic    Chemistry 

40 — Advanced    Organic     (For 

Chem.  E.) 
65 — Quantitative  Analysis  Inorganic 

66— Quantitative  Analysis  Inorganic 

163-164— Quantitative  Analysis 

111-112 — Theory  of  Inorganic  Analy- 
sis 

171 — Organic   Analysis 


175 — Food  Analysis 

176— Chemistry  of  Food  and  Nu- 
trition 

76 — Microscopical  Analysis 

78 — Sanitary   Biological   Analysis 

79 — Sanitary  Bacteriological  Analy- 
sis 

81-82 — Industrial  Chemistry,  gen- 
eral course 

83 — Industrial  Chemistry,  special 
course 

84 — Food   Chemistry 


88 — Industrial     Chemistry, 
tory  practice 


89 — Industrial     Chemistry, 
tory  practice 


labora- 


Pre-requisite 


Math.    64-65    (Differential   and    Integral 

Calculus) 
Astron.  105  (Geodesy) 
Astron.  106  (Geodesy) 


Pre-requisite 

Chem.  3  or  4  (General  Inorganic)     , 
Chem.  61  or  62  (Qualitative  Anaylsis) 
Chem.  163-4  (Quantitative    Analysis) 
Chem.   3  or  4    (General  Inorganic);   61 

or  62   (Quantitative  Analysis) 
Phys.  3-4-5   (Elementary  Mechanics  and 

General  Physics) 
Math.    64-65    (Differential  and    Integral 

Calculus) 
Chem.    1 21-122 

Chem.  3  or  4  (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Anaylsis) 
Chem.   3  or  4   (General  Inorganic)    and 

61  or  62 
Chem.     41-42      (Organic)      or     parallel 

Physics  3-4 
Chem.  41-42-43M    (Organic),   61   or  62 
Chem.   65  or  66    (Quantitative  Analysis, 

Inorganic) 
Chem.     141-142     (Organic)     or    parallel, 

Physics  3-4 

41-42,  or  parallel  43M 
Chem.  41-42  (Organic) 

Chem.  3  or  4   (General  Inorganic)  _ 
Chem.  61  or  62  (Qualitative  Analysis) 
Chem.  3  or  4   (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Anaylsis) 
Chem.  3  or  4   (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Analysis) 
Chem.    101-102    (Advanced  Inorganic) 
Chem.    121-122    (Physical    Chemistry) 
Chem.  163-164  (Quantitative  Analysis) 
Chem.  41-42  (Organic) 
Chem.    1 6 1- 1 62    (Quantitative    Analysis, 

Inorganic) 
Chem.  41-42,  161-162 
Chem.    41    (Introductory    Organic) 

Chem.  65 
Chem.  65.  76 
Chem.  65,  76 

Chem.  3  or  4   (General  Inorganic) 
Chem.  61  or  62  (Qualitative  Analysis) 
Chem.  81-82   (Industrial  Chemistry)  and 

Chem.    41    (Elementary    Organic) 
Chem.  3  or  4   (General  Inorganic) 
Chem.    81-82    or   41-42 
Chem.  3  or  4   (General  Inorganic) 
Chem.  41-42   (Elementary  Organic) 
Chem.  163-4   (Quantitative  Analysis) 


labora-      Chem.  61  or  62  (Qualitative  Analysis) 
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Subject 
95-96— Industrial   Chemistry 
197 — Chemical       Factory     " 

ment 
198 — Chemical      Factory 

ment 
80a— Factory        Inspection. 

Chem.  and  Chem.  E.)    (Second     Vm61"' 
Year)  Chem. 

80b— Factory  Inspection  and  Sum- 
mer Factory  Work.  (For 
Chem.    E.)     (Third   Year) 

181  S/y82-^3^^  Electro-Chem-jche'm 
l83-i84— Industrial  Electro-Chem- 


Manage- 

Manage- 

(For 
(Second 


Pre-requisite 


Chem.  3  or  4 
Chem.   61   or   62 


41-42 

65  or  other  Quantitative 


Civil  Engineering 

2— Theory  of  Surveying 

IS— Surveying    (between    First  and 

Second   Years) 
ai— Highway  Engineering 
23— Theory  of  Railroad   Surveying 
2S—£urveying  (between  Second  and 

lhird   Years) 

26~F^"fKyivg  (b«twcen  Thir<i  and 

fourth  Years) 
C.E.   26a — Limnology 
27— Surveying  (between  Second  and 

lhird  Years) 
28~ Purveying  (between  Second  and 

lhird  Years) 
51-52— Theory   of  Railroad   Survey- 

ing  J 

53-54— Elasticity  and    Resistance  of 

the  Materials  of  Engineering 


3  or  4  (General  Inorganic) 
n"  «c    m  6\.(QValitative   Analysis) 
J  Uiem.  65   (Quantitative  Analysis) 
Chem.   3-4   (General  Inorganic) 
Chem.  65    (Quantitative   Analysis,    Inor- 
gazucj 


C.E.  2  (Theory  of  Surveying) 

C.E.  15  (Surveying) 
C.E.  15  (Surveying) 

C.E.  25  (Surveying) 

C.E.  15  (Surveying) 

Chem.   78-9. 

C.E.  23  (Theory  of  Railroad  Surveying) 

C.E.  27  (Surveying)  *     *' 

Cfc..  15  (Surveying) 

Mech.  102  (Analytical  Mechanics) 


A~   TjTi     *"*■  U1   c."Kinecring  * 

57rof  twiSr8Asadysi8Interi,retationi  as-?sfianjjary  BJ°iogicai  An*^ 

S7b-Drainage  of  Marshes  and  Low-  F       eTi/c?JSanitary    Bacteriological    An- 


57b— Drainage  of  Marshes  and  Low 

lands 
58 — Masonry  Structures 

59 — Sanitary  Engineering 
61—  Analytical  Theory  of  Trusses 
62— Graphic  Statics 
64— Graphic    Statics    (abridged 
course) 

71— Surveying   (between  Third  and 
Fourth  Years) 

75 — Hydraulics 


alysis) 

-*  wE\5"9  ^San»*ary  Engineering) 
£^ch-  * 02  .(Analytical  Mechanics) 
Mm.  5  (Minerals  of  Building  Stones) 
Chem.  82    (Industrial  Chemistry) 
Mech.  102  (Analytical  Mechanics) 
Mech.  to2  (Analytical  Mechanics) 
Mech.  102  (Analytical  Mechanics) 


r 

/  C.l 


76— Hydraulics.  (For  E.M.)  (C.E. 
75  abridged)  K    '    ' 

77— Hydraulics.      (For    E.E.) 

78— Hydraulics.     (For  Chem.  E.  and 

85 — Foundations 

87-88— The  Design  and  Construc- 
tion of  Bridges,  Roofs  and 
Buildings.   (For  Sanitary  Engs.) 

89-90— Railroad    Engineering 

94— Design     and      Construction     of 

Sewers,  and   River  and  Harbor^ 

improvements 


96- 


-Principles  of  Hygiene,  Sanitary 
Science  and  Public  Health 


..E.  51-53  (Theory  of  Railroad  Survey- 
ing)  y 

E   25  (Surveying) 
Math.   64-65    (Calculus) 
Mech.  102  (Analytical  Mechanics) 
Math.    64-65    (Calculus) 
**£'  i°2  (Analytical  Mechanics) 
Math.    64-65    (Calculus) 
Mech.  102  (Analytical  Mechanics) 
Math.    64-65    (Calculus) 
Mech.  102  (Analytical  Mechanics) 
C.i.   58  (Masonry  Structures) 
Geo!.  18  (General  Geology) 
CE.  53-54  (Elasticity  and  Resistance  of 
r  r   i16  ,Mat?nals  of   Engineering) 
C.E.  61  (Analytical  Theory  of  Trusses) 
C.E.  62  (Graphic  Statics) 
C.E.  71  (Surveying) 
C.E.  75  (Hydraulics) 
£■£•    59    (Sanitary    Engineering) 
CJi.    26    (Surveying) 
Chem.  78  (Sanitary   Biological  Analysis) 
Chem   79  (Sanitary    Bacteriological    An- 
alysis) 

c;  E.  59   (Sanitary  Engineering) 
57a     (Statistics    and    Interpretation    of 
Water  Analysis) 
1 57b    (Drainage    of    Marshes    and    Low- 
lands) 


SCHEDULE  OF PRE-REQU1 SITES 
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Subject 
97 — Water-Supply      and      Irrigation 

Engineering 
99-100 — Graduation   Thesis 


Pre-requisite 


f  C.E.  26  (Surveying) 
■{  C.E.    59    (Sanitary    Engineering) 
I  C.E.  75  (Hydrauncs) 


Drafting 


1  or  2 — Elements     of     Mechanical 

Drafting 
3  or  4 — Descriptive  Geometry 
5  or  6 — Graphics 


7  or  8 — Structural   Drafting 

Economics 

2 — Introduction  to  Economics 

Electrical  Engineering 

2 — Elements     of     Dynamo     Electric 

Machinery 
4 — Electric   Distribution 

(For  E.M.   Met.E.  and  C.E.) 

Parallel  E.E.  72  (Direct  Cur- 
rent  Laboratory) 
52 — Design   of   Direct   Current   Ma- 
chinery 

Parallel     E.E.      174      (Direct 
Laboratory) 
54 — Design  of  Alternating  Current 
Machinery 

Parallel    Mech.    no    (Th.    of 
Variable    Currents)     and     E.E. 
175-176 
72 — Direct  Current  Laboratory 

Parallel  E.E.  4  (Electric  Dis- 
tribution) 

73 — Direct     Current    Laboratory. 

(For  M.E.) 
Parallel    E.E.     101     (Dynamo 

and  Motor  Practice) 
75 — Alternating  Current  Laboratory. 

(For   E.M.    and   M.E.)     (Short 

course) 
76 — Alternating  Current  Laboratory. 

(For  C.E.) 

98— Thesis   (Optional) 

Parallel    Subjects    of    Fourth 
Year 
10 1 — Generator  and  Motor  Practice 
Parallel    E.E.    73    or    173-174 
(Direct     Current     Laboratory) 

103— Electric  Motors.     (For  E.E.) 


103A— Electric  Motors.     (For  M.E.) 

104 — Electric  Distribution 

105— Alternating   Current  Engineer- 


Draft,   t   or  2   (Elements  of  Mechanical 

Drafting) 
Draft.  3  or  4  (Descriptive  Geometry) 
Draft.   1  or  2  (Elements  of  Mechanical 

Drafting) 
Draft.  3  or  4  (Descriptive  Geometry) 


Phys.  3,  4  and   5   (Elements  of  Electri- 
cal   Engineering) 
E.E.     2.     (Elements    of    Dynamo    Elect. 

Mach'y) 
Phys.  5 

E.E.  2   and    101    (Elements   of   Dynamo 
Elect.    Machinery) 


E.E.  52,   103  and  105,  Mech.   108 


E.E.     2     (Elements    of    Dynamo     Elect. 

Mach'y) 
Phys.  5  (Electricity   and   Magnetism) 
Phys.  43-44   (Phys.  Laboratory) 
E.E.     2     (Elements    of     Dynamo     Elect. 

Mach'y) 
Phys.  5  (Electricity  and   Magnetism) 
Phys.  43-44   (Phys.  Laboratory) 
E.E.  4  or    104   (Electric  Distribution) 
E.E.  72  (Direct   Current  Laboratory)    or 
E.E.  72  (Direct  Current  Laboratory) 
E.E.  4  or   104    (Electric  Distribution) 
E.E.  72  (Direct  Current  Laboratory)   or 
E.E.  73  (Direct  Current  Laboratory) 
All  courses 


E.E.    2     (Elements    of 
Mach'y)    and  Phys. 


Dynamo 
5 


Elect. 


ing.    (For  E.E.) 
105A — Alternating      Current 
neering.    (For  M.E.) 

106 — Electric  Plants 


Engi- 


108 — Plant  Inspection 

Parallel   course    E.E.     106 
1 09-1 10 — Telegraphy   and   Telephony, 

E.E.   104 
112 — Electric  Railways  ( 

173-174 — Direct  Current  Laboratory  ■< 

Parallel    E.E.    10 1     (Dynamo  (  Phys.  5  and  43-44 
and  Motor  Practice) 


E.E.  104  (Electric  Distribution) 
E.E.  173-174  (Direct    Current    Labora- 
tory) 
E.E.   104   (Electric  Distribution) 
E.E.  72,  (Direct   Current  Laboratory) 
Phys.  5  and  E.E.  2  and  E.E.    101 
E.E.    104    (Electric   Distribution) 
E.E.  101 

E.E.  104  (Electric  Distribution) 
E.E.  101  (Dynamo  and  Motor  Practice) 

E.E.   105    (A.C.Eng.) 
E.E.  104  (Electric    Distribution) 
E.E.   173-174 
E.E.   104 


For  E.E.  students  E.E.  104,  173-174 
For  C.E.  students  E.E.  4,  72  and  75 
E.E.  2  (Elements  of  the  Dynamo) 
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Subject 
175-176 — Alternating 
oratory 


Current    Lab- 


Parallel  Mech.  109  (Theory  of 
Alternators  and  Transformers), 
Mech.    no   (Theory  of  Variable 
Currents),    E.E.     103     (Electric 
Motors)   and  105  A.   C.  Eng. 
177 — Instrument  Laboratory 


Pre-requisite 
E.E.  104  (Electric  Distribution) 
E.E.    17.V174    (Direct    Current    Labora- 
tory) 


E.E.    173-174 
torv) 
E.E.    104 


(Direct   Current   Labora- 
(Electric    Distribution 


Geology 

4 — Petrography 

5-6 — General  Geology 

16 — Index  Fossils 

18 — General  Geology 

51 — Principles  of  Geology 

52 — Discussion  of  Secondary  Struc- 
tural Features 
101 — Applied  Petrography 

102 — Petrography  of  the  Ores 

105-106 — Economic  Geology 
107-108 — Invertebrate  Palaeontology 
no — Geological    Examinations    and 

Surveys 
112 — Field  Geology 


201-202 — Petrology 

205-206 — Comparative  Geology 


Min.  6  (Optical  Mineralogy) 

Min.  1-2  (Descriptive  and  Determinative 

Mineralogy)    Parallel   course 
Geol.    5-6    (General   Geology) 
Min.  5  (Minerals  of  Building  Stones) 
j  Geol.  s-6  (General  Geology)  or 
Geol.  18  (General  Geology) 
Geol.  s-6   (General  Geology)  or 
Geol.  18  (General  Geology) 
Geol.  4   (Petrography) 

{Geol.  4,   ioi;   105-106   (Petrography  and 
Economic   Geology) 

Geol.  5-6  (General  Geology) 
Antecedent  work  in  Geology 
Geol.  105-106  (Economic  Geology) 

Geol.  5-6   (General  Geology) 

Geol.    105-106    (Economic   Geology)    de- 
sirable, not  prerequisite 

Geol.  4  (Petrography) 
J  Geol.  5-6   (General  Geology) 
I  Geol.  16   (Index  Fossils) 


Law 


2 — Business  Law 


Mathematics 

1  (or  2) — Algebra 

64  (or  67) — Calculus 

3  (or  4) — Analytical  Geometry 

65  (or  68)— Calculus 


Mechanical  Engineering 

n-12 — Steam    Power    Machinery.       1 
(For  M.E.  and  Ch.E.) 

13-14 — Steam    Power    Machinery        f 
(Short  M.E.   11-12)     (For 
other  than   M.E.  and  Ch.E.)       J 

15-16 — Engineering  Thermodynamics 

17-18 — Engineering  Thermodynamics 

19-20 — Engine  Design  \ 

21 — Gas  Power  j 

23-24 — Engineering  Thermodynamics 

25-26 — Steam  Power 

27-28 — Engineering     Thermodynamics 

29 — Engineering    Thermodynamics 

31-32 — Standard  Tests  and  Research 
Methods 

Parallel    M.E.     17-18     (Engi- 
neering   Thermodynamics) 

33 — Standard    Tests    and    Research 
Methods       (Continuation 
M.E.    31-32) 

35-36 — Kinematics  of  Machinery 

37 — Machine  Design 


rch  f 


Entrance  Mathematics 
Math.  3  (Anal.  Geometry)  or  Math.  4 
Entrance  Mathematics 
Math.    3    or    4    (Anal.    Geometry)    and 
Math.  64  or  67   (Calculus) 


Phys.    3-4    (General    Physics) 


M.E.    13-14 

M.E.  n-12  (Steam  Power  Machinery) 

M.E.  39-40  (Machine  Design) 

M.E.  17-18  (Eng.   Thermodynamics) 

M.E.  19  (Engine  Design) 

M.E.    17-18    (Engineering  Thermo) 

M.E.    13-14 

M.E.    13-14 

M.E.    13-14 

M.E.    13-14 

M.E.  11-12  (Steam  P<^wer  Machinery) 


M.E.   17-18  (Eng.  Thermodynamics) 
M.E.     31-32     Std.    Tests    and    Research 

Methods 
Math.  3-4  (Analytical  Geometry) 
M.E.    59    Empiric   Design 


SCHEDULE  OFPRE-REQUISITES 
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Subject 
38 — Kinematics   of   Machinery 
39-40 — Machine  Design 
Parallel  C.E.  53 
41 — Machine  Design   (Short  course 
of  M.E.  30-40) 

Parallel  C.E.  53  for  E.E. 

(ForE.E.) 
(For  C.E.) 

45-46 — Hydraulic  Turbines  J 

(For  M.E.)  1 

(ForCE.)  ] 

50 — Steam  Turbines.     (For  M.E.) 

52 — Organization    and   Management    ) 
53 — Steam   Turbines.     (For   E.E.) 
54 — Shop   Processes 

56— Hydraulic  Turbine  Installations 
Parallel  M.E.   60    (Hydraulic 
Laboratory) 
59 — Empiric  Design 

60— Hydraulic  Laboratory.      (For 
E  E  ) 

'Parallel  (For  M.E.)  C.E.  78. 
(Hydraulics) 

63 — Hydraulic  Laboratory 

Parallel  C.E.  75  (Hydraulics) 

64 — Air  Machinery 

66 — Elevators  and   Conveyors 

70 — Pumping  Machinery 

Parallel  C.E.  78  (Hydraulics) 

72 — Gas  Power 

74 — Gas    Power 

75-76 — Standard   Tests    (For    Chem. 
M.E.    17-18    parallel) 

77— Standard  Tests.    (For   C.E. 
M.E.   17  parallel) 

78 — Kinematics 

80 — Experimental    Mechanical    Lab- 
oratory 

Parallel  course   M.E.    14 

82 — Heating  and  Ventilation 

84-85 — Standard  Tests 

86— Standard  Tests 

88 — Standard  Tests 

94S — Shop    and    Factory    Summer 
Work 


Pre-requisit* 
Mach.    3-4 

M.  E.  35-36  (Kinematics  of  Machinery) 


M.E.  35-36  (Kinematics    of  Machinery) 

M.E.  78  (Kinematics  of  Machinery) 

C.E.  53 

M.E.  36,  60 

C.E.  78 

M.E.    63,    78 

C.E.  75 

M.E.  17-18  (Eng.  Thermodynamics) 

M.E.  54 

M.E.  94 S 

M.E.  17-18  (Eng.  Thermodynamics) 

M.E.  94 S  (Shop   and    Factory:    Summer 

Work),    Shop    work    11 
C.E.  77  (Hydraulics) 


Draft.   1  or  2  (Elements  of  Mechanical 

Drafting) 
C.E.  77  (Hydraulics) 


96S — Steam  Power  Plant  Summer 

Work 
97 — Mechanical  Apparatus   for 

Chemical    Factories 


M.E.  17  (Eng.  Thermodynamics) 
M.E.  39  (Machine  Design) 
M.E.  17  (Eng.  Thermodynamics) 

M.E.  17-18  (Eng.  Thermodynamics) 
M.E.  17-18  (Eng.  Thermodynamics) 
M.E.  13-14  (Steam  Power  Machinery) 

M.E.  13-14  (Steam  Power  Machinery) 

Math.  3-4  (Analytical  Geometry) 

M.E.  13 

M.E.  17  (Eng.  Thermodynamics) 

M.E.    13-14    and   M.E.    17 

M.E.    13-14   and  M.E.   17 

M.E.    13-14   and  M.E.   17 
f  Sh.Wk.  1  (Wood  Turning  and   Pattern 
I  Making) 

\  Sh.Wk.  2  (Molding  and  Foundry  Prac- 
tice) 
I  Sh.Wk.  12  (Forging) 

M.  E.  31-32  (Standard  Tests,  etc.) 

M.E.  17-18  (Eng.  Thermodynamics) 

M.E.  11  and  12 


Metallurgy 

1 01 — General  Metallurgy 


in — Metallurgy  of  Copper 

118 — Metallurgy  of  Copper.  (Ad- 
vanced Course) 

122 — Metallurgy  of  Lead,  Silver, 
Gold  and  Zinc 

128 — Metallurgy  of  Lead,  Silver, 
Gold,  Zinc  and  the  Minor  Met- 
als.    (Advanced  Course) 


Phys.  3-4  (Elementary  Mechanics  and 
General  Physics) 

Chem.  3-4  (General  Inorganic  Chemis- 
try) 

Met.  101  (General  Metallurgy) 

Met.  in  (Metallurgy  of  Copper) 

Met.  in  (Metallurgy  of  Copper) 

Met.  122  (Metallurgy  of  Lead,  Silver, 
Gold  and  Zinc) 
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Subject 
131 — Metallurgy  of  Iron  and  Steel 
Prerequisite   or  Parallel  Met. 
101    (General  Metallurgy) 
134 — Metallurgy  of  Iron  and  Steel 


138 — Metallurgy  of  Iron  and  Steel. 

(Advanced  Course) 
141 — Electrometallurgy 


148 — Electrometallurgy.     (Advanced 

Course) 
151 — Constitution  and  Properties  of 

Alloys 

Parallel    Met.    131     (Met.    of 

Iron   and    Steel) 

155-6 — Metallography  of  Iron,  Steel 

and   Industrial  Alloys 
158 — Constitution  and  Properties  of 

Alloys.    (Advanced  Course) 
72 — Metallurgical  Laboratory 

Parallel  Met.  122  (Metallurgy 

of  Lead,  Silver,  Gold  and  Zinc) 
171 — Metallurgical    Laboratory 

Parallel.   Met.    131    (Iron  and 

Steel).    Met.    151    (Constitution 

of  Alloys) 
172 — Metallurgical    Laboratory 
I73_I74 — Metallurgical    Laboratory 
175 — Metallurgical    Investigation 

Parallel  Met.  131  (Metallurgy 

of  Iron  and  Steel,  and  Met.   141 

(Electrometallurgy) 
77 — Met.    Plant   Construction 

62S — Summer  Course  in  Non-Fer- 
rous    Metallurgy 

64S — Summer  Course  in  Ferrous 
Metallurgy 

66S — Summer  Course  in  Non-fer- 
rous Metallurgy 

82S — Summer    School    in    Assaying 

81 — Assaying 
182 — Assaying 
188 — Assaying 


Pre-requisite 
Phys.    3-4    (Elementary    Mechanics   and 

General   Physics) 
Chem.3-4  (General  Inorganic  Chemistry) 
Phys.    3-4    (Elementary    Mechanics   and 

General  Physics) 
Chem.  3-4  (General  Inorganic  Chemistry) 
Met.  131  (Metallurgy  of  Iron  and  Steel) 

Phys.    3-4    (Elementary    Mechanics   and 

General  Physics) 
Chem.  3-4  (General  Inorganic  Chemistry) 
Met.  141  (Electrometallurgy) 

Met.   in   (Metallurgy  of  Copper) 


Met.  131  (Met.  of  Iron  and  Steel)  or 
Met.  134  f Metallurgy  of  Iron  and  Steel) 
Met.  151  (Constitution  and  Properties  of 

Alloys) 
Met.  in  (Metallurgy  of  Copper) 
Met.     131      (Metallurgy     of     Iron     and 

Steel) 

Met.     101      (General     Metallurgy)     and 
Met.    1 1 1    (Metallurgy   of   Copper) 

Met.  171  (Metallurgical  Laboratory) 
Met.  171  (Metallurgical  Laboratory) 
Met.    122    (Metallurgy  of  Lead,    Silver, 
Gold  and  Zinc) 


Draft.   3-4,    7-8 

C.E.  53;  Met.   122,  64S  and  66S 


Met.  101  (General  Metallurgy) 

Met.  122    (Metallurgy   of   Lead,    Silver, 

Gold  and  Zinc) 
Chem.    3-4  and  61-62 
Mineralogy   1-2,   or   7-8 
Chem.    3-4  and  61-62 
Mineralogy   1-2,  or  7-8 
Met.  81   or    182 


Mineralogy 


1-2 — Descriptive   and    Determinative 

Mineralogy 
5 — The  Minerals  of  Building  Stones 

6 — Optical  Mineralogy 


7-8— Descriptive   and    Determinative 
Mineralogy.       (Modification    of 
Min.    1) 
10 — Mineralogy  and   Crystallography 
15-16 — Determinative  Mineralogy 


Mining 


51 — Excavation  and  Tunneling. 
52— Boring  and  Shaft  Sinking 


Entrance  Chemistry 

Entrance  Physics 

Entrance  Chemistry 

Entrance  Physics 

Min.  5  (Minerals  of  Building  Stones) 
or  part  of 

Min.  1-2  or  7-8  (Descriptive  and  De- 
terminative Mineralogy)  or  equiva- 
lent 

Entrance  Chemistry 

Entrance  Physics 

Min.    15-16 
Entrance  Chemistry 
Entrance  Physics 


Entrance  Mathematics 

Entrance  Chemistry 

Entrance  Physics 

E.M.  51   (Excavation  and  Tunneling) 


SCHEDULE  OFPRE-REQUISITES 


no 


Subject 
53 — Excavation,  Tunneling,  Bor- 
ing and  Shaft  Sinking.  (For 
C.E.)  (Condensation  of  E.M. 
51  and  52) 
54 — Exploration,  Development,  and 
Methods  of  Working.  (For 
E.M.  and  Met.E.) 

Prerequisite  or  Parallel 


56- 


-Mine  Engineering 

Prerequisite  or  Parallel 


71-72 — Mine  Plant 


73 — Mine  Constructions.    (For  E.M. 

and  Met.E.) 
75 — Design   of   Mine   Plant 

Parallel    E.M.     71-72     (Mine 

Plant) 

77-78 — Graduating  Thesis  or  Project 

80 — Mill  Constructions 

81 — Ore  Dressing,  Milling,  and  the 

Mechanical  Preparation  of  Coal. 

(For  E.M.  and  Met.E.) 


82 — Ore-Dressing  Laboratory.     (For 

E.M.  and  Met.E.) 
91 — Mine  Administration.  (For  E.M. 

and  MetE.) 
94 — Mining   Law.      (For   E.M.   and 

MetE.) 

58 — Summer  Class  in  Mine  Survey- 
ing 


59 — Summer    Course    in    Practical 
Mining 


Pre-requisite 
Entrance  Mathematics 
Entrance  Chemistry 
Entrance  Physics 

Geol.    s-6 


Geol.   105-106  (Economic  Geology) 

E.M.  51  and  52  (Excavation  and  Tun- 
neling,  Boring  and  Shaft   Sinking) 

E.M.   54 

E.M.  71-72  (Mine  Plant) 

C.E.  76  (Hydraulics) 

C.E.  28   (Surveying) 

E.M.   51-52 

E.M.  54  (Exploration,  Development  and 
Methods  of  Working) 

M.E.  13-14  (Steam  Power  Machinery) 


Draft.    3-4,    7-8    (Structural    Drafting) 

C.E.  53  (Elasticity  and  Resistance  of 
Materials) 

Mining  59 

All  required  subjects  in  Mining 

M.E.  13-14  (Steam  Power  Machinery) 

Min.  1-2  (Descriptive  and  Determina- 
tive  Mineralogy) 

Phys.  3-4  (Elementary  Mechanics  and 
General  Physics) 

Mech.  102  (Analytical  Mechanics) 

E.M.  81  (Ore  Dressing,  Milling,  and  the 
Mechanical  Preparation  of  Coal) 

E.M.  54  (Exploration,  Development  and 
Methods  of  Working) 

C.E.  27  (Surveying) 

E.M.  54  (Exploration,  Development  and 
Methods  of  Working) 

C.E.  27  (Surveying) 

M.E.  13-14  (Steam  Power  Machinery) 
E.M.  54  (Exploration,   Development  and 

Methods  of  Working) 
E.M.  51  and  52 
C.E.  15  and  27 
_  Geol.  105-106 


Physical  Education 
B1-B2 


Physics  and  Mechanics 

Mech.  1 — Mechanics:    Statics. 


Phys.  3-4 — General  Physics:  Me- 
chanics, Wave-motion,  Heat  and 
Light 

Phys.  5 — Electricity 

Phys.    43-44 — Physical    Laboratory 

Parallel  Phys.  5 
Phys.  55 — Physical    Measurements 

Parallel  Phys.  5 
Mech.  102 — Mechanics 


Mech.  105 — Thermodynamics 


Entrance  Physics 

Entrance   Mathematics    (including  Trig- 
onometry) 

Entrance  Physics 

Entrance    Mathematics    (including   Trig- 
onometry) 

Phys.  3-4  (Mechanics,  Wave-Motion, 
Heat  and  Light) 

Phys.  3-4  (Mechanics,  Wave-Motion, 
Heat  and  Light) 

Phys.  3-4  (Mechanics,  Wave-Motion, 
Heat  and  Light) 

Mech.  1  (Mechanics:   Statics) 

Phys.   3    (Mechanics,  Wave-Motion,  and 
first  part  of  Heat) 

Math.   64  and   65    (Differential  and   In- 
tegral Calculus) 

Phys.  4  and 

Mech.   102   (Mechanics) 


120  MINES,  ENGINEERING  AND  CHEMISTRY 

Subject  Pre-requisite 

Mech.  107-108 — Theory  of  Electricity  Phys.   5  and 

and  Magnetism  Math.  64-65 

Mech.  109-110 — Theory  of  Alternat- 
ing     Current      Machines      and  Mech.     107-108     (Theory    of    Elecricity 
Theory  of  Electrical   Circuits  and  Magnetism) 

Shop  Work 

1 — Wood-turning  and  Pattern  Mak- 
ing.   (For  M.E.) 

2 — Molding  and  Foundry  Practice. 
(For  M.E.) 

10S— Machine  Work.     (For  M.E.)        Shop  Work  10s  (Machine  Work) 

11 — Machine  Work.      (For  M.E.) 

12 — Forging.     (For  M.E.) 

13-14— Machine  Work.      (For  E.E.) 

15 — Forging  and  Foundry  Practice. 
(For  C.E.) 

16— Machine  Work.     (For  C.E.) 

1 8S— Pattern-making.  (For  Chem.E.) 
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NEW  ADVANCED   COURSE 

The  Trustees  of  Columbia  University,  in  accordance  with  the 
unanimous  recommendation  of  the  Faculty  of  Applied  Science,  have 
determined  to  raise  the  requirements  of  admission  to  the  Schools  of 
Mines,  of  Engineering  and  of  Chemistry,  and  generally  to  elevate  and 
strengthen  the  course  of  engineering  and  technical  study,  from  and 
after  July  I,  1914.  These  schools  will  then  become  advanced  or  gradu- 
ate schools  to  which  students  of  any  branch  of  engineering,  who  have 
had  a  suitable  preliminary  training  in  scientific  school  or  college,  may 
come  for  the  highest  type  of  professional  instruction  and  for  training 
in  methods  of  research. 

After  July  1,  1915,  candidates  for  admission  to  these  schools  will  be 
required  to  present  evidence  of  such  preliminary  general  education  as 
can  ordinarily  be  had  only  by  taking  at  least  three  years  of  study  in 
a  college  or  scientific  school  of  high  rank.  During  1914-15  candidates 
for  engineering  degrees  will  be  admitted  to  the  second  year  of  the 
present  course  upon  presenting  evidence  that  they  have  completed  the 
work  of  the  present  first  year  in  addition  to  the  existing  entrance 
requirements.  The  Schools  of  Mines,  of  Engineering  and  of  Chemistry 
will,  therefore,  be  placed  upon  the  same  academic  plane  as  the  present 
Schools  of  Law  and  of  Medicine  in  Columbia  University. 

The  new  arrangement  need  make  no  substantial  change  in  the  age 
of  graduation  from  the  professional  school.  The  student  who  enters 
a  college  at  sixteen  or  sixteen  and  one-half  years  of  age,  and  who 
pursues  a  combined  college  and  professional  school  course  successfully, 
can  be  graduated  under  the  terms  of  the  new  plan  at  about  the  same 
age  as  at  present,  supposing  that  he  now  enters  at  eighteen  and  one-half 
years  of  age  and  follows  the  existing  four-year  course. 

The  revised  and  improved  program  of  studies  to  be  offered  in  the 
Schools  of  Mines,  of  Engineering  and  of  Chemistry  will  be  strictly 
professional  and  specialized  for  students  who  are  candidates  for  any 
one  of  the  several  degrees  offered  in  Mines,  Engineering  and  Chem- 
istry. The  college  or  scientific  school  course,  completion  of  which 
will  be  required  for  admission  to  these  schools,  will  be  one  including 
thorough  instruction  in  Mathematics,  Physics  and  Chemistry,  as  well 
as  certain  designated  work  in  Drafting,  Shopwork,  Surveying  and 
Mineralogy,  together  with  courses  of  college  grade  and  type  in  English, 
History,  Economics,  Philosophy  and  in  either  French  or  German. 

Beginning  in  1915  the  schools  under  the  Faculty  of  Applied  Science 
will  offer  the  following  courses : 

1.  The  School  of  Mines,  with  three-year  advanced  courses  leading 
to  the  degrees  of  Engineer  of  Mines  and  of  Metallurgical  Engineer. 
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2.  The  School  of  Engineering,  with  three-year  advanced  courses 
in  Civil  Engineering,  Sanitary  Engineering,  Electrical  Engineering,  and 
Mechanical  Engineering,  leading  to  the  degrees  of  Civil  Engineer, 
Electrical  Engineer,  and  Mechanical  Engineer  respectively. 

3.  The  School  of  Chemistry,  with  three-year  advanced  courses, 
leading  to  the  degrees  of  Chemist  and  Chemical  Engineer. 

The  courses  are  intended  to  meet  the  requirements  of  the  several 
professions  indicated;  and  many  of  them  permit  a  certain  amount  of 
specialization,  particularly  in  the  third  year.  The  work  in  the  School 
of  Mines  is  so  arranged  that  the  student  can  emphasize  the  engineering, 
the  metallurgical,  or  the  geological  side  of  his  profession. 

Candidates  for  a  professional  degree  who  have  some  special  end  in 
view  are  occasionally  permitted  to  vary  the  regular  course  by  substitut- 
ing other  courses  offered  under  the  Faculty  of  Applied  Science. 

In  the  regular  Summer  Session  held  at  the  University  in  July  and 
August  of  each  year,  many  courses  of  assistance  to  engineering  stu- 
dents are  offered.  The  Announcement  of  the  Summer  Session  will  be 
sent  upon  application  to  the  Secretary  of  the  University. 


REQUIREMENTS  FOR  ADMISSION 

Beginning  September,  1915,  candidates  for  admission  to  the  new 
three-year  graduate  courses  in  the  Schools  of  Mines,  of  Engineering  and 
of  Chemistry  leading  to  the  professional  degrees  of  Engineer  of  Mines, 
Metallurgical  Engineer,  Civil  Engineer,  Electrical  Engineer,  Mechanical 
Engineer,  Chemical  Engineer  and  Chemist,  must  present  evidence  of 
the  satisfactory  completion  of  not  less  than  three  years  of  study  or  the 
equivalent  in  an  approved  college  or  scientific  school,  which  course 
must  have  included  sufficient  instruction  in  chemistry,  mathematics  and 
physics  to  enable  the  candidate  to  undertake  the  work  of  the  engineer- 
ing courses.  The  candidate  must  also  present  evidence  of  having  had 
the  first  courses   in  Drafting,  Mineralogy,  Shopwork  and  Surveying. 

Graduates  of  colleges  and  technical  schools  may  be  admitted  to 
advanced  standing  by  submitting  evidence  that  they  have  satisfactorily 
completed  courses  required  in  the  class  or  classes  preceding  the  one 
for  which  application  for  admission  is  made. 

Students  at  other  colleges  who  contemplate  entering  the  Schools  of 
Mines,  of  Engineering  and  of  Chemistry  are  advised  to  apply  to  the 
Secretary  of  Columbia  University  for  advice  as  to  how  best  to  select  and 
arrange  their  courses  of  study  with  a  view  to  the  proper  articulation 
between  them  and  the  professional  work  at  Columbia  upon  which  they 
expect  to  enter  later. 

For  students  who  take  their  preliminary  college  or  scientific  course 
elsewhere  than  at  Columbia,  opportunity  will  be  offered  in  the  Summer 
Session  of   Columbia  University   during  July  and  August  to   receive 
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instruction  in  any  of  the  subjects  required  for  admission  and  for  which 
provision  may  not  be  made  in  the  college  which  they  attend. 

Students  who  have  been  looking  forward  to  entering  Columbia 
University  for  the  study  of  Mining,  of  any  branch  of  Engineering 
or  of  Chemistry,  and  who  expected  to  enter  upon  the  terms  of  admis- 
sion heretofore  prevailing,  need  make  no  change  in  their  plans. 

They  will  be  received  at  Columbia  just  as  at  present,  but  they  will 
be  differently  classified.  On  completing  the  subjects  required  for 
admission  to  the  Schools  of  Mines,  of  Engineering  and  of  Chemistry 
as  newly  established,  they  will  be  transferred  to  the  school  of  their 
choice. 

For  full  particulars,  address  the  Secretary  of  Columbia  University. 


MINING  ENGINEERING  133 

MINING  ENGINEERING 
General  Statement 


The  three-year  course  leading  to  the  degree  of  Engineer  of  Mines  is 
intended  primarily  to  train  men  to  undertake  the  development  of  min- 
eral properties,  the  design  and  construction  of  mine  plants,  and  to  man- 
age mines. 

The  subjects  most  emphasized  in  this  course  are  mining,  metallurgy, 
geology  and  engineering. 

The  proper  design  and  construction  of  mining  plants  involves  the 
study  of  certain  branches  of  civil  engineering  and  the  many  and  in- 
creasing applications  of  machinery  to  mining  make  it  necessary  to  give 
much  time  to  the  theory  and  practice  of  mechanical  and  electrical  engi- 
neering. 

The  engineering,  mining  and  metallurgical  laboratories  are  equipped 
to  train  the  student  in  the  making  of  scientific  tests  of  engineering  ma- 
terials, and  working  tests  of  machines  and  processes  of  ore  treatment, 
thus  preparing  him,  as  far  as  it  is  possible  in  the  school,  for  work  that 
he  will  be  called  upon  to  do  as  an  engineer. 

Practical  instruction  in  summer  classes  in  the  field  is  made  an  im- 
portant feature  of  the  curriculum. 

While  much  time  is  given  to  practical  training  in  laboratories,  in  the 
field,  and  at  the  mines  and  metallurgical  establishments,  care  is  taken 
to  subordinate  this  instruction  to  a  high  standard  of  accomplishment 
in  classroom  work. 

Location.  Many  coal,  iron  and  other  mines,  together  with  quarries 
and  metallurgical  works,  are  easily  accessible  from  New  York  in  from 
one  to  four  hours  by  rail.  Among  these  are  magnetic  iron  mines  in 
New  York,  New  Jersey  and  Pennsylvania;  stone  quarries  in  the  same 
States  and  in  Connecticut;  anthracite  and  bituminous  coal  mines,  and 
natural  gas  and  oil  wells  in  Pennsylvania,  and  zinc  mines  in  New  Jer- 
sey. New  York  and  the  adjacent  States  produce  each  year  about  half 
the  pig-iron  and  coal,  and  over  fifty  per  cent,  of  the  total  value  of  the 
mineral  product  of  the  whole  country.  There  are  within  easy  reach 
of  New  York  City  iron  blast  furnaces  and  some  of  the  most  skilfully 
designed  and  managed  steel  works,  rolling  mills,  steel  and  iron  foun- 
dries, copper  smelting  and  refining  works,  lead-refining  works,  zinc 
works,  and  electrolytic  establishments  in  the  world.    Within  a  radius 
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of  one  hundred  miles  may  be  studied  many  phases  of  the  best  prac- 
tice in  mining  and  metallurgy  in  the  country.  By  going  a  little  farther 
one  may  reach  the  bituminous  coal  fields  and  the  natural  gas,  oil  and 
salt  regions  in  one  direction,  and  the  pyrite  deposits,  and  granite  and 
marble  quarries  of  New  York  and  New  England  in  the  other;  while 
the  excursions  of  the  summer  class  in  mining  extend  as  far  as  the 
copper,  iron,  zinc,  lead,  silver  and  gold  regions  of  Michigan,  Missouri, 
Montana,  Colorado,  California,  Arizona  and  Utah. 
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COURSES  IN  MINING  ENGINEERING 
FIRST  YEAR 


First  Half 

Second  Half 

Subjects 

Hours 

Aft. 

1 
0 
0 

0 
1 
1 
2 

5 

Subjects 

Hours 

Aft. 

4 
0 
0 

0 
0 
0 

1 

S 

Physical   Laboratory 
Mechanics 

Industrial    Chemistry 
Elements  of  Electrical 

Engr. 
Power  Machinery 
General  Geology 
Mineralogy 

Total 

0 
3 
3 

2 
2 
3 
4 

Quantitative   Analysis 
Mechanics 

Industrial    Chemistry 
Electrical    Machinery 
Power    Machinery 
General    Geology 
Railroad  Surveying  Theory 

Total 

2 
3 
3 
2 
2 
3 
2 

17 

17 

Summer  Work 
Topographic  and   Mine   Claim  Surveying          5  weeks 
Railroad  Surveying,  Field  Wofk                          3  weeks 

SECOND  YEAR 

First  Half 

Second  Half 

Subjects 

Hours 
5 

Aft. 
2 

Subjects 

Hours 

Aft. 

Resistance  of  Materials 

Graphic    Statics 

1 

Assaying 

2 

3 

Electrical    Distribution 

2 

0 

Economic   Geology 

3 

0 

Direct  Current  Laborat'y 

1 

1 

Engineering    Thermo- 

Economic  Geology 

3 

0 

dynamics 

2 

0 

Engineering  Thermo 

Excavation    and   Tunneling 

3 

0 

dynamics 

2 

0 

Mine   Constructions 

1 

0 

Mechanical   Laboratory 

1 

1 

Sanitation  and  Hygiene 

2 

0 

Petrography  and   Optical 

Mineralogy 

0 

2 

Boring  and  Shaft    Sinking 

2 

0 

Methods    of    Mining 

3 

0 

Mill    Constructions 

1 

0 

Total 

5 

Elementary   Metallurgy 
Total 

1 

0 

5 

18 

17 

Si 

JMMER 

Work 

Mining   Practice,   6  weeks 

;   Mine 

Surve 

ying,    1   week;   Field  Metallu 

-gy,  1  1 

veek; 

Field   Geology,   1   week. 

THIRD  YEAR 

First  Half 

Second  Half 

Subjects 

Hours 

Aft. 

Subjects 

Hours 

Aft. 

1 

Alternating    Current    Lab- 

Hydraulic Laboratory 

0 

oratory 

1 

1 

Gas  Power 

2 

0 

Introduction   to  Metallurgy 

Geological    Surveys 

2 

0 

and    Metallurgy   of    Cop- 

Metallurgy of  Gold,  Silver 

per 

3 

0 

etc. 

3 

0 

Electrometallurgy    and 

Metallurgical   Laboratory 
Mine   Administration  and 

0 

y2 

Iron   and    Steel 

2 

0 

Hydraulics 

2 

0 

Accounts 

2 

0 

Mine  Plant 

3 

0 

Mine  Engineering 

3 

0 

Design  of  Mine   Plant 

0 

4 

Mine  Plant 

3 

0 

Ore   Dressing 

4 

0 

Mining  Thesis 

0 

2% 

Steam  Power  Machinery 

3 

0 

Ore  Dressing  Laboratory 

0 

1 

Total 

5 

Mining  Law 
Total 

2 

0 

18 

17 

Petrography   (Elective) 

2 

1 

Palaeontology  (Elective) 

2 
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METALLURGICAL  ENGINEERING 
General  Statement 

The  primary  aim  of  the  three-year  course  leading  to  the  degree  of 
Metallurgical  Engineer  is  to  train  students  to  take  laboratory  or  ad- 
ministrative positions  in  metallurgical  works.  Great  stress  is  laid  on 
the  original  planning  and  executing  of  work,  under  constant  criticism 
and  discussion  from  the  teachers. 

The  instruction  consists  of  (i)  classroom  work,  lectures,  conferences, 
study  of  text  books;  (2)  general  laboratory  work  in  metallurgy;  (3) 
training  in  planning  and  executing  original  research;  (4)  summer 
courses  and  other  visits  to  industrial  metallurgical  works. 

Much  importance  is  attached  to  a  thorough  training  in  chemistry, 
physics,  geology,  mineralogy  and  engineering,  and  to  the  higher 
branches  of  engineering,  chemistry  and  important  courses  in  mining 
engineering,  with  a  view  to  their  applications  to  metallurgical  and  like 
manufacture. 

The  instruction  in  metallurgy  is  based  on  the  most  advanced  practice 
in  science  of  to-day  and  covers  the  ground  from  the  introductory 
courses  in  metallurgy  to  the  special  advanced  courses  in  the  various 
branches  of  the   subject. 
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COURSES  IN  METALLURGICAL  ENGINEERING 


FIRST  YEAR 

First  Half 

Second  Half 

Subjects 

Hours 

Aft. 

1 
0 
0 
0 

1 
1 
2 

5 

Subjects 

Hours 

Aft. 

0 
0 
0 

1 
0 
0 
4 

5 

Physical  Laboratory 
Mechanics 

Industrial   Chemistry 
Elements    of    Elect.    Eng. 
Power  Machinery 
General  Geology 
Mineralogy 

0 
3 
3 
2 

2 
3 
4 

17 

Electrical    Machinery 
Mechanics 

Industrial  Chemistry 
Railroad  Surveying  Theory 
Power  Machinery 
General  Geology 
Quantitative   Analysis 

Total 

2 
3 
3 

2 
2 
3 

2 

Total 

17 

Summer  Work 
Topographic  and  Mine  Claim  Surveying           5  weeks 
Railroad   Surveying,   Field  Work                         3  weeks 

SECOND  YEAR 

First  Half 

Second  Half 

Subjects 

Hours 

Aft. 
2 

Subjects 

Hours 

Aft. 

1 

Resistance    of   Materials 

5 

Graphic  Statics 

1 

Assaying 

2 

3 

Direct  Current  Laboratory 

1 

1 

Economic   Geology 

3 

0 

Economic  Geology 

3 

0 

Engineering    Thermo- 

Engineering  Thermo- 

2 

0 

dynamics 

2 

0 

Introduction  to   Metallurgy 

1 

0 

Metallurgy  of  Lead,  Silver, 

Metallurgv    of    Iron    and 

Gold  and  Zinc 

3 

0 

Steel 

I 

0 

Electrical  Distribution 

2 

0 

Metallurgy    of   Copper 

2 

0 

Mechanical   Laboratory 

1 

1 

Sanitation  and  Hygiene 

2 

0 

Methods  of  Mining 
Petrography   and   Optical 

3 

0 

Mineralogy 

0 

2 

Total 

5 

Business  Law 
Total 

2 

0 

5 

18 

18 

s 

LTMMEF 

t  Work 

Metallurgy — Vi 

sits  to 

Non-fe 

rrous  Works               3  weeks 

Metallurgy — Vi 

sits  to 

[ron  a 

nd  Steel  Works         3  weeks 

Geology  Field  1 

Vork 

1   week 

Reports  on  Fie 

Id  Wor 

k 

1   week 

THIRD  YEAR 

First  Half 

Second  Half 

Subjects 

Hours 

Aft. 
0 

Subjects 

Hours 

Aft. 

Physical   Chemistry 

3 

Mine    Administration    and 

Alternating    Current   Lab- 

Accounts 

2 

0 

oratorv 

1 

1 

Gas  Engines  and  Producers 

2 

1 

Steam  Power  Machinery 

3 

0 

Advanced  Metallurgical 

Electrometallurgy 

1 

0 

Courses 

5 

0 

Constitution  of  Alloys 

2 

0 

Metallurgical    Laboratory 

0 

1 

Metallurgical   Laboratory 

0 

4 

Mill    Construction 

1 

0 

Mine   Construction 

1 

0 

Ore  Dressing 

0 

1 

Ore   Dressing 

4 

0 

Mining  Law 

2 

0 

Hydraulics 

2 

0 

Hydraulic  Laboratory 
Metallurgical   Conferences 

0 

1 

Total 

5 

and  Plant  Design 
Total 

1 

1 
5 

17 

13 
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CIVIL  ENGINEERING 

General  Statement 

The  three-year  course  leading  to  the  degree  of  Civil  Engineer  is  de- 
signed  to  afford   a   thorough    analytical   training   in   construction  and 
management.     The   course  contains  numerous   and   extended  practical 
exercises  in  those  matters  which  pertain  to  the  profession  of  the  civil 
engineer  in  relation  to  all  classes  of  structures  and  public  works  and 
in  connection  with  the  various  developments  and  applications  of  power 
by  the  use  of  steam,  electric,  water,  and  air  motors.     This  course  is 
also    designed   to   be   an   educational  preparation   for   those   duties   or 
functions  of  an  executive  character  whose  discharge  in  connection  with 
the  management  of  public  or  other  works  requires,  or  is  rendered  more 
efficient    through,    a    thorough    knowledge    of    civil    engineering.     The 
breadth  and  nature  of  this  educational  training  adapts  it  no  less  effi- 
ciently to  the  purposes  of  those  who  intend  to  follow  callings  not  of 
an   engineering  character,  but  which   may  be   related  more  or  less  to 
manufacturing,  to  structural   matters,  or  to  the  development  and  ap- 
plication of  power.     The  theoretical  portion  of  the  instruction  is  based 
largely   upon  the   courses   given    in   the   departments   of   Mathematics, 
Mechanics  and  Physics,  and  the  results  obtained  are  applied  to  practical 
engineering  work.    Special  stress  is  laid  upon  the  design  by  the  student 
of  the  various  structures  and  machines  which  the  civil  engineer  is  called 
upon  to  construct  or  operate  in  the  practice  of  his  profession.     The 
instruction  is  given  by  lectures,  demonstrations  by  the  student,  and  fre- 
quent conferences,  co-ordinate  with  which  the  work  of  design  is  con- 
tinuously carried  on.    It  covers  comprehensively  the  subjects  of  survey- 
ing, road  and  railroad  engineering,  water  supplies  of  cities  and  towns, 
irrigation,  sewage  disposal,  both  graphic  and  analytic  treatment  of  all 
metallic    structures,    foundations,    retaining   and   reservoir   walls,    high 
masonry  dams,  sewer  systems,  hydraulic  engineering,  rivers  and  harbors, 
pumping  engines,  hydraulic,  steam  and  electric  motors. 

Ample  facilities  are  afforded  for  post-graduate  students  in  civil 
engineering,  and  special  students  are  admitted  to  various  engineering 
courses  of  the  department  upon  evidence  of  proper  qualifications. 
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COURSES  IN  CIVIL  ENGINEERING 


FIRST  YEAR 

First  Half 

Second  Half 

Subjects 

Hours 

Aft. 

1 
0 
0 
1 

0 
0 

2 
1 
0 

5 

Subjects 

Hours 

Aft 

Physical   Laboratory 
Mechanics 

Industrial   Chemistry 
Power  Machinery 
Elements  of  Electrical 

Engr. 
Geodesy 
Eng.    Chemistry 
General  Geology 
Metallurgy — Iron  and  Steel 

Total 

0 
3 
3 
2 

2 

2 
1 
3 
2 

Advanced  Heat 

Mechanics 

Industrial    Chemistry 

Power    Machinery 

Electrical  Machinery 

Geodesy 

Botany — Timber  Growth 

Physiographic  and  Applied 
Geology 

Highway  Engr.  and  Earth- 
work   Calculation 

Total 

3 
3 
3 
2 

2 
1 
1 

2 

1 

0 
0 
0 
0 
0 

18 

18 

Summer  Work 
Topographic   Surveying      "1 
Highway   Surveying             V  5  weeks 
City   Surveying                     J 
Hydrographic   Surveying     (. 
Geodetic  Surveying             J  5  weeks 

SECOND  YEAR 


First  Half 


Subjects 


Railroad  Surveying 
Resistance    of   Materials 
(Theory,    Designs  and 
Tests) 
Theory  of  Trusses 
Engineering  Thermo- 
dynamics 
Kinematics  and   Machine 

Design 
Excavation,  Tunneling,  Bor- 
ing and    Shaft    Sinking 


Total 


Hours 

Aft. 

2 

1 

5 

2 

2 

1 

2 

0 

3 

1 

2 

0 

16 

5 

Second  Half 


Subjects 


Railroad   Surveying 

Masonrv   Structures 

Sanitary  Treatment  Water 
Supply  and  Sewerage 

Graphic   Statics 

Engineering  Thermo- 
dynamics 

Direct  Current  Laboratory 

Hydraulics 


Total 


18 


Summer  Work 
Railroad   Surveying       4  weeks 


THIRD  YEAR 


First  Half 


Subjects 


Foundations 

Bridges,    Roofs   and    Build- 
ings 
Concrete  Steel  Construction 
Railroad    Engineering 
Electrical    Distribution 
Water  Supply  and  Irrigation 
Hydraulic  Laboratory 
Mechanical  Laboratory 
Thesis 


Total 


Hours     Aft 


2 

0 

2 

2 

2 

0 

3 

1 

2 

0 

2 

0 

0 

1 

1 

1 

3 

0 

17 


Hours    Aft 


Second  Half 

Subjects 

Hours 

Aft. 
0 

Business    Law 

2 

Bridges,   Roofs  and  Build- 

Alternating    Current    Lab- 

2 

0 

oratory 

1 

1 

Railroad    Engineering 

3 

1 

Electric    Railways 

2 

0 

Design     and     Construction 

of     Sewers,     River    and 

Harbor   Improvements 

2 

0 

Hydraulic   Turbines 

3 

0 

Thesis 

2 

3 
5 

Total 

17 
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SANITARY  ENGINEERING 

General  Statement 

^  The  three-year  graduate  course  in  Sanitary  Engineering  aims  to 
include  the  more  essential  subjects  given  in  the  Civil  Engineering 
course,  but  provides  a  working  knowledge  of  sanitary  science  and 
the  sanitary  arts.  The  course  is  a  differentiation  of  Civil  Engineering 
and  leads  to  the  same  degree. 

While  mathematics,  mechanics  and  physics  are  the  theoretical  basis 
for  the  work  of  the  civil  engineer  in  design,  construction  and  manage- 
ment, the  sanitary  engineer  adds  to  these  the  collateral  sciences  of 
chemistry  and  biology. 

The  sanitary  engineer  must  not  only  be  able  to  design  and  con- 
struct water  purification  plants  and  sewage  disposal  systems,  but  he 
must  understand  the  chemical  and  biological  processes  upon  which 
the  successful  operation  of  these  plants  is  based.  He  must  not  only 
be  able  to  construct  such  engineering  features  as  will  prevent  epidemics 
and  further  the  health  and  comfort  of  individuals  and  communities 
but  he  must  have  a  knowledge  of  bacteriology,  sanitary  statistics  and 
the  sources  and  modes  of  infection. 

Instruction  is  given  by  illustrated  lectures,  conferences  and  demon- 
strations supplemented  by  field  and  laboratory  practice.  The  field 
work  includes  instruction  in  the  use  of  transits,  levels  and  plane  tables 
current  meters,  gauges  and  floats,  and  visits  of  inspection.  The 
laboratory  work  in  hydraulics  consists  of  the  measuring  of  wier  and 
orifice  discharge,  the  flow  through  open  channels  and  closed  pipes  and 
general  hydraulic  investigations. 

The  mechanical  laboratories  are  provided  with  means  for  testing 
various  structural  materials  in  tension,  compression,  bending  and 
torsion.^  There  are  also  special  laboratories  for  cement  testing  and 
for  testing  road  materials. 

The  sanitary  laboratories  have  a  full  equipment  for  the  chemical 
microscopical  and  bacteriological  examination  of  water  and  sewage 
and  for  sanitary  chemical  and  biological  investigations. 
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COURSES  IN  SANITARY  ENGINEERING 

FIRST  YEAR 


First  Half 

Second  Half 

Subjects 

Hours 

Aft. 

1 
0 
0 

1 

0 

2 

0 
5 

Subjects 

Hours 

Aft. 

0 
0 
0 
0 
0 

3 

1 
1 

5 

Physical  Laboratory 
Mechanics 

Industrial    Chemistry 
Power  Machinery 
Elements    of    Electrical 

Engineering 
Quantitative  Analysis 
General  Geology 
Metallurgy  of  Iron  and 

Steel 

Total 

0 
3 
3 

2 

2 

2 
3 

2 

Advanced   Heat 
Mechanics 

Industrial   Chemistry 
Power  Machinery 
Electrical  Machinery 
Quantitative    Analysis   and 

Engr.   Chemistry 
Physiographic  and  Applied 

Geology 
Botany — Timber   Growth 

Total 

3 
3 
3 

2 
2 

2 

2 
1 

17 

18 

Summer  Work 
Topographic  Surveying      1 
Highway  Surveying              V  5  weeks 
City    Surveying                    J 
Hydrographic   Surveying       2rA   weeks 

SECOND  YEAR 

First  Half 

Second  Half 

Subjects 

Hours 

Aft. 
1 
0 
1 
5 

Subjects 

Hours 

Aft. 

1 
2 
1 

0 

0 

0 

5 

Railroad    Engineering 
Resistance  of  Materials 
Theory  of  Trusses 
Engineering  Thermo- 
dynamics 
Sanitary  Biology  and  Sani- 
tary  Bacteriology 
Organic    Chemistry 

Total 

2 

5 

2 

2 

3 
3 

Direct  Current  Laboratory 

Masonry   Structures 

Graphic   Statics 

Engineering  Thermo- 
dynamics 

Sanitary  Treatment  Water 
Supply  and  Sewerage 

Organic   Chemistry 

Hydraulics 

Total 

3 

2 

2 

3 
3 
4 

17 

18 

Summer  Work 
Railroad  Surveying      4  weeks 

THIRD  YEAR 

First  Half 

Second  Half 

Subjects 

Hours 

Aft. 
0 

Subjects 

Hours 

Aft. 
0 

Foundations 

2 

Heating  and  Ventilation 

2 

Bridges,    Roofs  and   Build- 

Bridges, Roofs  and  Build- 

ings 

2 

2 

ings 

2 

0 

Concrete  Steel  Construct'n 

2 

0 

Alternating    Current    Lab- 

Mechanical  Laboratory 

1 

1 

oratory 

1 

1 

Electrical   Distribution 

2 

0 

Hydraulic  Laboratory 

0 

1 

Phys.  and  Biological  Water 
Analysis 

Hydraulic  Turbines 

3 

0 

0 

2 

Principles  of  Sanitary  Sci- 
ence, Public  Health  and 

Statistics     and     Interpreta- 
tion of  Water  Analysis 

3 

0 

Hygiene 

3 

0 

Drainage  of  Marshes  and  "| 
Lowlands                            > 

Design    and     Construction 

2 

0 

of     Sewers,     River    and 

Water  Sup.  &  Irrigation  J 

Harbor  Improvements 

2 

0 

Thesis 

3 

0 

Business  Law 

2 

0 

Thesis 

2 

2 

Highway  Eng.   and  Earth- 

Total 

5 

work  Calculation   

Total 

1 

1 
5 

.      17 

18 
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ELECTRICAL  ENGINEERING 

General  Statement 

The  course  leading  to  the  degree  of  Electrical  Engineer  is  designed 
for  the  education  of  those  who  intend  to  practice  the  profession  of 
Electrical  Engineering  either  as  engineers,  managers,  experts  in  indus- 
trial or  public  service  enterprises,  teachers  in  colleges  or  technical 
schools  or  for  those  who  expect  to  be  interested  in  a  financial  or  com- 
mercial way  with  these  enterprises. 

The  instruction  comprises  the  important  branches  of  theoretical  and 
applied  electricity,  also  the  fundamental  and  collateral  subjects,  which 
have  been  found  by  experience  to  be  required  by  the  electrical  engineer, 
as,  for  example,  physics,  chemistry,  drawing,  mechanical  engineering 
(including  boilers,  gas  producers,  engines,  turbines,  transmission  de- 
vices and  shop  work),  civil  engineering  (including  hydraulic  develop- 
ments and  construction  in  wood,  masonry,  iron  and  steel). 

The  graduate  in  Electrical  Engineering  is  accordingly  provided  not 
only  with  a  thorough  knowledge  of  the  principles  and  applications  of 
electricity,  but  also  with  such  a  broad  and  liberal  education  in  the 
allied  sciences  as  will  prepare  him  for  the  demands  likely  to  be  made 
upon  him  in  connection  with  the  practice  of  his  profession. 

The  instruction  is  by  lectures  and  recitations  as  well  as  by  a  large 
amount  of  carefully  selected  and  supervised  laboratory  work,  work 
shop  and  drawing  room  practice  with  periodic  visits  to  the  numerous 
and  important  factories,  power  stations  and  other  engineering  establish- 
ments in  and  about  New  York  City.  Facilities  are  also  provided  for 
original  research  work  at  the  option  of  the  student. 
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COURSES  IN  ELECTRICAL  ENGINEERING 


FIRST  YEAR 


First  Half 

Second  Half 

Subjects 

Hours 

Aft. 

0 

3 
3 

2 
2 

2 
2 
3 
I 

18 

Subjects 

Hours 

Aft. 

0 
0 
0 

0 
0 

I 

2 

4 

Physical    Laboratory 
Mechanics 

Industrial    Chemistry 
Power  Machinery 
Elements  of  Electrical  Eng. 
Metallurgy    of    Iron    and 

Steel 
Machine   Elements 
General   Geology 
Engineering   Chemistry 

Total 

i 

0 
0 

i 

0 

0 
0 
0 

2 

Electrical  Machinery 
Mechanics 

Industrial    Chemistry 
Power  Machinery 
Advanced  Heat 
Business  Law 
Physics 
Machine    Elements 

Total 

2 

3 
3 

2 

3 

2 
2 
0 

4 

17 

Summer  Work 
Description   of  a  D.C.   Power  Plant 
or  Employment  in  Elect.  Engr.  work  for  8  weeks 

SECOND  YEAR 


First  Half 

Second  Half 

Subjects 

Hours 

3 
3 

2 

5 

2 
2 

I 

Aft. 

0 

2 

0 

I 

0 
0 

I 
4 

Subjects 

Hours 

Aft. 

i 
i 

0 
0 

i 

0 
0 

I 
I 

5 

Direct  Current  Engr. 
Direct    Current   Laboratory 
Theory  of  Elect,  and  Mag- 
netism 
Resistance   of  Materials 
Engineering   Thermo- 
dynamics 
Hydraulics 
Mechanical  Laboratory 

Total 

Design   of   Direct   Current 

Machinery 
Direct   Current  Laboratory 
Telegraphy  and  Telephony 
Theory  of  Elect,  and  Mag- 
netism 
Electro   Chemistry 
Electrical    Distribution 
Engineering   Thermo- 
dynamics 
Hydraulic  Laboratory 
Mechanical  Laboratory 

Total 

3 

2 
2 

3 

2 

3 

2 
0 

I 

18 

18 

Summer  Work 
Description  of  an  A.C.    Power  Plant 
or  Employment  in  Elect.  Engr.  work  for  8  weeks 

THIRD  YEAR 



First  Half 

Second  Half 

Subjects 

Hours 

Aft. 

Subjects 

Hours 

Aft. 

Theory  of  the  Electric  Cir- 

Theory of  the  Electric  Cir- 

cuit 

4 

0 

cuit 

2 

0 

Alternating    Current    Engi- 

Electric Plants 

2 

0 

neering 

3 

0 

Design  of  A.  C.  Machinery 

3 

i 

Alternating    Current     Lab- 

Electric Railways 

2 

0 

oratory 

2 

3 

Alternating    Current    Lab- 

Application   of    Electric 

oratory 

2 

3 

Machinery 

3 

0 

Illumination  &  Photometry 

I 

i 

Standardizing   Laboratory 

i 

i 

Steam  Power  Machinery 

3 

0 

Theory  of  Dielectrics 

I 

0 

Hydraulic  Turbines 

3 

0 

Steam  Turbines 

2 

0 

Gas  Power 
Total 

2 

I 
5 

Total 

5 

18 

18 
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MECHANICAL  ENGINEERING 
General  Statement 

The  three-year  graduate  course  in  Mechanical  Engineering  offers  a 
thorough  basic  training  in  the  design,  construction,  manufacture  and 
operation  of  all  classes  of  standard  and  special  machinery  for  manu- 
facturing, mining,  metallurgical,  electrical  and  chemical  processes,  and 
their  economic  application  to  railroads,  ships,  mills,  shops,  factories  and 
power  plants. 

While  it  deals  most  thoroughly  with  the  scientific  and  technical  prob- 
lems arising  in  engineering  practice,  it  also  provides  for  instruction 
in  the  organization  of  commercial  and  industrial  enterprises,  the  man- 
agement and  control  of  properties,  the  economic  use  of  materials, 
machinery  and  the  labors  of  men,  and  in  the  laws  which  condition  the 
existence  and  prosperity  of  industrial  institutions.  Through  experi- 
mental investigations  and  analysis,  in  laboratories,  drafting  rooms  and 
shops  and  the  systematic  presentation  of  subject  matter  in  the  class- 
room, an  attempt  is  made  to  familiarize  the  student  with  standard 
practice  in  mechanical  engineering  service;  the  reasons  for  their  exis- 
tence, and  to  develop  habits  of  initiative  and  independent  thinking. 

The  course  of  instruction  is  as  broad  and  fundamental  as  is  consis- 
tent with  the  directness  of  its  purpose  and  the  immediate  usefulness 
of  its  graduates. 
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COURSES  IN  MECHANICAL  ENGINEERING 


FIRST  YEAR 


First  Half 

Second  Half 

Subjects 

Hours 

Aft. 
i 

Subjects 

Hours 

Aft. 
0 

Physical  Laboratory 

0 

Advanced  Heat 

3 

Mechanics 

3 

0 

Mechanics 

3 

0 

Industrial  Chemistry 

3 

o 

Industrial  Chemistry 

3 

0 

Metallurgy  of   Iron  and 

Electrical  Machinery 

2 

0 

Steel 

2 

0 

Power  Machinery 

2 

0 

Elements   of  Elect.   Engr. 

2 

o 

Machine   Elements 

2 

1 

Power   Machinery 

2 

I 

Shop   Processes 
Hydraulic  Laboratory 

3 

2 

Machine  Elements 

2 

0 

0 

1 

Shop  Processes 

I 

0 

Metallurgical  Laboratory 

0 

1 

Hydraulics 

2 

o 

Mech.   Instrument  Lab. 

0 

I 

Engineering    Chemistry 
Total 

I 

2 

5 

Total 

5 

.     18 

18 

Summer  Work 

Departmental  S 

hops 

5  weeks 

Manufacturing 

Shop; 

Inspection  and   Report        3  weeks 

SECOND  YEAR 


First  Half 

Second  Half 

Subjects 

Hours 

Aft. 

1 
0 

1 
2 
0 

5 

Subjects 

Hours 

Aft. 

0 

0 
0 

2 
5 

Resistance   of  Materials       ' 
Direct  Current   Machinery 
Engineering   Thermo- 
dynamics 
Mechanics  of  Machinery 
Pumping  Machinery 
Air  Laboratory 

Total 

S 

2 

3 

5 
2 

1 

Electrical  Distribution 

Direct  Current  Laboratory 

Machine  Tools 

Air  Machinery 

Engineering  Thermo- 
dynamics 

Design    of    Machine     Ele- 
ments 

Steam  Laboratory 

Total 

2 
1 

2 
2 

5 

5 

18 

18 

Summer  Work 
Departmental  Machine  Design  and  Detailing       _                                  5  weeks 
Central  Station  or  Factory  Power  Plant;  Inspection  and  Report       3  weeks 

THIRD  YEAR 


First  Half 


Subjects 


Alternating   Current   Ma- 
chinery 
Steam   Turbines 
Piston   Steam   Engines 
Heat  Transfer  Apparatus 
Industrial   Building  Design 
Mill    and    Factory    Equip- 
ment 
Steam  Laboratory 

Total 


Hours     Aft 


Second  Half 


Subjects 


Alternating    Current    Lab- 
oratory 
Hydraulic  Turbines 
Gas  Engines  &  Producers 
Steam  Power  Plants 
Organization  and  Manage- 
ment 
Business  Law 
Gas  Engine  Laboratory 

Total 


Hours    Aft, 
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CHEMICAL  ENGINEERING 
General  Statement 

The  courses  of  instruction  leading  to  the  degree  in  Chemical  Engi- 
neering are  carefully  chosen  with  a  view  to  training  men  to  develop 
and  direct  those  industrial  and  manufacturing  operations  and  processes 
which  are  based  upon  the  application  of  chemistry.  A  general  knowl- 
edge of  Civil  Engineering  is  obtained  from  courses  in  the  theory  and 
the  practise  of  Surveying,  Hydraulics  and  Resistance  of  Materials. 
Electrical  applications  are  studied  in  the  Direct  and  Alternating  Current 
Laboratories  with  the  electrical  engineers.  A  study  of  steam  and  gas 
power  machinery,  pumps,  turbines,  blowers  and  hydraulic  equipment 
in  the  mechanical  engineering  laboratories  supplements  the  courses  in 
general  physics,  thermodynamics   and  hydraulics. 

In  addition  to  the  training  in  the  fundamental  engineering  courses, 
it  is  sought  to  advance  the  students'  knowledge  of  chemistry  into  the 
fields  of  physical  chemistry,  organic  chemistry,  advanced  inorganic 
chemistry  and  the  more  important  special  applications  of  industrial 
chemistry. 

During  the  final  year  much  attention  is  given  to  the  development  of 
the  skill  of  the  student  in  the  application  of  the  fundamental,  engineer- 
ing and  chemical  principles  studied  earlier  in  the  course  to  the  practical 
problems  of  the  industry.  The  Chemical  Engineering  Laboratory  is 
so  equipped  and  managed  as  to  develop  the  power  of  making  direct 
application  of  previous  training. 

Graduates  in  Chemical  Engineering  obtain  positions  in  works  labora- 
tories as  assistants  to  superintendents  of  works,  and  assistants  to  de- 
signing and  erecting  chemical  engineers,  and  in  various  other  capaci- 
ties calculated  to  develop  the  experience  leading  to  the  independent  di- 
rection and  management  of  manufacturing  enterprises. 
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COURSES  IN  CHEMICAL  ENGINEERING 


FIRST  YEAR 


First  Half 

Second  Half 

Subjects 

Hours 

Aft. 

0 
0 
0 

1 

0 
0 
3 

5 

Subjects 

Hours 

Aft. 

0 
0 
0 
0 

1 
0 

1 

3 

'     5 

Physical  Laboratory 
Mechanics 

Industrial   Chemistry 
Power  Machinery 
Physical   Chemistry 
Elements  of  Electrical 

Engr. 
Hydraulics — Theory 
Quantitative  Analysis 

Total 

0 
3 
3 
2 
3 

2 
2 
2 

Advanced  Heat 
Mechanics 

Industrial  Chemistry 
Power  Machinery 
Physical  Chemistry 
Electrical  Machinery 
Hydraulics — Laboratory 
Quantitative    and    Engr. 
Chemistry 

Total 

3 

3 
3 

2 
3 
2 
0 

2 

17 

18 

Summer  Work 
Chemical  Factory  Inspection                        2  weeks 
Chemical  Factory  Work  and  Report          6  weeks 

SECOND  YEAR 


First  Half 

Second  Half 

Subjects 

Hours 

3 
2 

3 

3 

1 
5 

Aft. 

2 
0 

0 

0 
1 

2 

5   1 

Subjects 

Hours 

Aft. 

Organic    Chemistry 

Machine   Elements 

Sanitary   and    Food    Chem- 
istry 

Engineering    Thermo- 
dynamics 

Direct   Current   Laboratory 

Resistance   of  Materials 

Total 

Organic   Chemistry 

Machine   Elements 

Advanced   Industrial 
Chemistry 

Engineering   Thermo- 
dynamics 

Alternating  Current  Lab- 
oratory 

Assaying 

Electrical  Distribution 

Total 

3 
2 

3 

5 

1 
2 

2 

2 
0 

0 

0 

1 
2 
0 

17 

18 

S 

Chemical  and  Me 

S 
chanica 

ummer  Work 

1  Engineering  Laboratory       6  wee 

ks 

THIRD  YEAR 


First  Half 

Second  Half 

Subjects 

Hours 

Aft. 

0 

0 
0 
1 

1 

3 
0 

.     5 

Subjects 

Hours 

Aft. 

Introduction  to  Metallurgy 
and  Metallurgy  of  Copper 

Metallurgy   of    Iron  and 
Steel 

Chemical  Factory  Machinery 

Electro-Chemistry 

Gas  Power 

Commercial   Organic 
Analysis 

Seminar 

Total 

3 

1 
3 

2 
2 

2 
5 

18   , 

Metallurgy  of  Lead,  Zinc, 
Gold  and  Silver 

Chemical  Factory  Manage- 
ment 

Steam  Power 

Business  Law 

Chem.  Engr.  Lab. — Special 
Problems 

Seminar 

Total 

3 

3 

4 

2 

0 
6 

0 

0 

2 
0 

3 
0 

18 

5 
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CHEMISTRY 

General  Statement 

The  graduate  years  include  courses  in  all  branches  of  Chemistry. 
In  view  of  the  increasing  use  of  electricity  in  Industrial  Chemistry,  this 
science  is  studied  continuously  during  the  first  two  years.  In  the  third 
year  the  work  is  all  elective,  and  it  is  concentrated  in  two  subjects 
each  half  year,  to  the  end  that  the  student  may  devote  himself  to  two 
or  more  branches  of  the  science,  and  develop  to  the  fullest  extent  his 
knowledge  of  the  lines  of  work  chosen.  Throughout  the  three  years, 
by  means  of  preceptorial  conferences,  much  attention  is  given  to  out' 
side  reading  and  to  practising  the  art  of  mastering  all  that  is  known 
about  a  given  topic.  The  chemical  courses  furnish  the  student  with 
technical  knowledge  of  the  methods  of  the  science.  The  conferences 
enable  him  to  recognize,  to  lay  out,  and  to  solve  the  problems  which 
his  professional  work  will  constantly  bring  to  him  for  solution. 

The  three-year  course  in  Chemistry  prepares  men  for  professional 
careers  as  analytical  and  consulting  chemists,  teachers  of  chemistry, 
research  workers  in  the  government,  State,  municipal  and  endowed 
scientific  laboratories,  and  as  chemists  for  the  operating  departments 
of  railroads  and  of  large  industrial  establishments  which  maintain 
separate  chemical  and  engineering  staffs,  such  as  packing  houses,  sugar 
refineries,  and  other  large  food  factories,  fertilizer  works,  gas  works, 
textile  and  dye  works,  and  establishments  where  glass  and  ceramic 
products,  explosives,  illuminating  and  lubricating  oils,  metals  and  alloys, 
alkalies,  acids,  drugs,  and  innumerable  other  products  are  manufac- 
tured. 

Problems  arising  in  factories  and  in  public  and  private  undertakings, 
which  do  not  constantly  employ  chemists,  and  special  problems  arising 
in  factories  which  do  employ  chemists,  are  constantly  referred  to 
analytical  and  consulting  chemists. 

The  agricultural  experiment  stations,  the  Federal  and  State  food 
laboratories,  the  boards  of  health,  the  State  and  national  geological 
surveys,  and  the  many  privately  endowed  institutions  for  scientific  re- 
search, employ  very  large  numbers  of  chemists  as  workers  and  direc- 
tors. 

Many  of  the  larger  and  more  progressive  manufacturing  establish- 
ments maintain  thoroughly  equipped  laboratories  devoted  entirely  to  ex- 
perimental research  for  the  purpose  of  improving  present  manufac- 
turing processes  and  for  devising  new  and  better  ones. 
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COURSES  IN  CHEMISTRY 


FIRST  YEAR 


First  Half 

Second  Half 

Subjects 

Hours 

Aft. 

1 

0 
0 
3 
2 
0 

6 

Subjects 

Hours 

Aft. 

0 

0 
3 

2 
0 

5 

Physical   Laboratory 
Industrial    Chemistry 
Elements  of  Electrical  Engr. 
Quantitative  Analysis 
Organic    Chemistry 
Conferences 

Total 

0 
3 

2 
2 
3 
3 

Industrial    Chemistry 
Elements  of  Electrical  Ma- 
chinery 
Quantitative  Analysis 
Organic  Chemistry 
Conferences 

Total 

3 

2 
2 
3 
6 

13 

16 

Summer  Work 
Bacteriology   (Microbiology)         6  weeks 
Chemical   Factory  Inspection        2  weeks 

SECOND  YEAR 


First  Half 

Second  Half 

Subjects 

Hours 

Aft. 

1 

0 

1 

1 
1 
0 

5 

Subjects 

Hours 

Aft. 

2 

0 

1* 

1 

0 
6 

Physical    Chemistry 
Sanitary   and    Food   Chem- 
istry 
Electro-Chemistry 
Mineralogy  (9) 
Geology 

Direct  Current  Laboratory 
Conferences 

Total 

3 

3 

2 
2 
3 
1 
4 

Physical  Chemistry 

Food  Analysis 

Advanced  Industrial  Chem- 
istry 

Metallography 

Mineralogy  (10) 

Alternating    Current    Lab- 
oratory 

Conferences 

Total 
•Concentrated  into  2  wee 

3 

2 

3 

2 

1 
4 

15 
cs. 

18 

Comme 

S 
:rcial  0 

tjmmer  Work 

rganic  Analysis       6  weeks 

THIRD  YEAR 


First  Half 

Second  Half 

Subjects 

Hours 

Aft. 

4 

4 

8 

Subjects 

Hours 

Aft. 

4 
4 

8 

*ist  Elective 
*2d  Elective 

Total 

3 
3 

6 

*3d  Elective 
*4th  Elective 

Total 

3 
3 

6 

•These  four  electives  are  to  be  chosen  from  the  following  courses: 

Experimental  Physical  Chemistry.                   Advanced  Food  Chemistry^ 
Experimental  Inorganic  Chemistry.                  Experimental   Electro-Chemistry. 
Advanced  Organic  Chemistry.                          Advanced  Analytical  Chemistry. 
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GENERAL   INFORMATION 

REGARDING   COLUMBIA  UNIVERSITY 

Columbia  University  was  founded  in  1754  as  King's  College  In 
1784,  after  the  Revolutionary  War,  King's  College  became,  by  act  of 
the  Legislature  of  the  State  of  New  York,  Columbia  College.  The 
institution  whose  name  was  thus  changed  has  become  Columbia 
University. 

Students  in  the  Schools  of  Mines,  Engineering  and  Chemistry  may 
enjoy  every  advantage  to  be  derived  from  the  resources  of  the  Uni- 
versity The  University  occupies  thirty-six  buildings,  and  its  grounds 
cover  thirty-five  acres.  The  number  of  officers  of  instruction  in  1913-14 
was  849,  and  of  resident  students  9,929. 

University  The  Library  contains  more  than  500,000  bound  vol- 

Library  umes,  catalogued  both  by  authors  and  by  subjects. 

It  is  open  each  week-day  from  8.30  a.m.  until  11 
p.m.  (,n  summer,  10  p.m.).  All  students  and  graduates  have  free 
access  and  may  draw  books  for  home  use. 

Physical  The  Gymnasium  is  open  each  week-day  from  9  a  m 

exercise  to   7  p.m.;    and   on    Mondays,   Thursdays,   and    Satur- 

days until  10  p.m. 

Every  student  is  entitled  to  a  physical  examination  by  the  Medical 
Director  and  to  advice  as  to  the  kind  and  amount  of  exercise  best 
adapted  to  his  needs.     For  the  Gymnasium  see  Fees,  page  21 

The  main  exercising  room  is  35  feet  high,  semicircular  in  shape, 
and  has  an  area  of  16,000  square  feet.  It  is  well  lighted  and  well 
ventilated.  Above  are  the  10-lap  running  track,  rooms  for  fencing 
boxing,  and  handball,  dressing-rooms  with  1,804  steel  lockers  and 
32  shower-baths.  Below  the  exercising  room  is  the  semicircular 
swimming  pool  100  feet  by  50,  and  4  to  10  feet  deep,  and  shower-, 
needle-,  and  tub-baths. 

A  two-hour  course  in  Physical  Education  is  prescribed  for  all  first 
and  second  year  undergraduate  students,  arranged  with  a  view  to  secur- 
ing: first,  health;  second,  strength,  control,  efficiency,  and  endurance; 
third,  erect  carriage. 

a JhfVi,C  °n  S°Uth  Fidd  a  practice  field  for  baseball>  lacrosse, 
and  football,  a  quarter  mile  running  track,  tennis  courts,  and  the  Uni- 
versity Boat  House  is  within  easy  reach. 

Employment  The  Employment  Committee  endeavors  to  give  stu- 

Committee  dents  who  need  it  the  opportunity  to  earn  enough  for 

partial  or  complete  support,  and  to  extend  assistance 

in  other  ways.     The   office  of  the  secretary  of  the  Committee  is  in 
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Room  327,  University  Hall.  Communications  should  be  addressed  to 
the  Committee.  Some  of  the  openings  available  are:  private  tutoring, 
translating,  addressing,  copying  of  various  sorts,  teaching  in  evening 
schools,  stenography.  During  the  last  ten  years  student  earnings 
reported  to  the  Committee  have  averaged  about  $100,000.00. 

Preference  is  naturally  given,  in  case  of  a  choice  of  applicants,  to 
those  who,  as  strangers  in  New  York,  are  not  likely  to  hear  of  posi- 
tions through  other  channels.  No  prospective  student  should  come  to 
Columbia  expecting  to  depend  entirely  or  even  largely  upon  the  assist- 
ance of  the  Committee,  and  every  student  should  be  prepared  to  meet 
at  least  the  expenses  of  the  first  half-year— say  $250. 

The  chiefs  of  clinic  in  the  Medical  School  give  advice  without  charge 
to  students  on  the  lists  of  the  Committee. 

There  are  also  Appointment  Committees  whose  duty  it  is  to  recom- 
mend graduates  for  teaching  or  other  positions  in  colleges  and  uni- 
versities and  to  assist  competent  men  to  obtain  such  positions. 

The  University  Medical  Officer,  Dr.  McCastline,  will  Medical 

have -direct    supervision    of   all   matters    affecting   the       Attendance 
health  of  the  student  body.    All  cases  of  communicable 
disease  occurring  in  homes   of   students  must   be  promptly  reported 

^"university  physician  Dr.  McCastline  will  hold  office  hours  daily 
in  Earl  Hall  for  consultation  with  the  students.  _ 

For  those  who  are  without  local  family  physicians  there  is  a  Medical 
Visitor  (Dr  D.  S.  D.  Jessup,  601  W.  113th  Street)  whose  duties  are  to 
render  medical  assistance  to  such  officers  and  students  as  may  desire  it, 
either  at  their  homes  or  elsewhere,  at  a  remuneration  to  be  arranged 
between  himself  and  individual  patients. 

There  are  three  University  residence  halls  on  South  Resi dence 

Field,  with  accommodations  for  700  men ;  Hartley  Hall, 
a  memorial  to  the  late  Marcellus  Hartley,  Livingston 
Hall,  named  in  memory  of  Robert  R.  Livingston,  of  the  class  of  1765, 
and  Furnald  Hall,  provided  for  in  the  will  of  the  late  Francis  P. 
Furnald  in  memory  of  his  son,  Royal  Blackler  Furnald,  a  member  of 
the  class  of  1901.  Each  building  is  137  feet  by  60  and  10  stories  high. 
They  have  electric  light,  steam  heat,  telephones,  elevators  and  shower 
baths.  . 

Hartley  and  Livingston  each  contain  300  rooms,  the  average  size  ot 
the  bedrooms  being  8'  o"  x  14'  6",  and  of  the  studies  10'  o"  x  14'  6". 
Furnald  contains  294  rooms,  the  average  size  of  the  bedrooms  being  9'  o"  x 
14' 9",  and  of  the  studies  11'  6"  x  13'  6".  All  the  rooms  have  outside 
light  and  exposure,  and  the  arrangement  permits  of  flexibility  in  rent- 
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ing  rooms  in  suites.  There  are  also  several  double  rooms.  All  ceilings 
are  nine  feet  high.  Each  bedroom  has  a  clothes  closet  and  basin  with 
hot  and  cold  running  water.  The  rooms  are  provided  with  heavy  oak 
furmture  of  the  Mission  type.  There  are  four  shower  baths  on  each 
floor.    All  the  water  used  in  the  Halls  is  filtered. 

The  entrance  for  students  to  each  Hall  is  from  the  campus,  and  leads 
directly  into  a  large  assembly  room  60  feet  square.  This  room  runs 
up  through  two  stories  and  has  a  large  open  fireplace  opposite  the 
entrance.  It  is  furnished  in  heavy  leather-covered  oak.  At  one  side 
of  the  main  entrance  is  the  office  of  the  Hall,  and  on  the  other  a 
reception  room.  In  the  basement  is  space  for  trunk  storage.  All 
baggage  should  be  addressed  to  Hartley,  Livingston,  or  Furnald  Hall 
Columbia  University,  and  all  charges  should  be  prepaid. 

.         .  The    University    Commons,    in    University    Hall     is 

University  operated  under  University  management  for  the  benefit 

Commons  of  officers  and  students.     The  service  is  d  la  carte,  or 

regular  board  may  be  secured   for  $6  a  week. 

Other  Besides  the  dormitories  and  the  Greek  Letter  Society 

Accommo-  club-houses  there  are  many  good  boarding-houses  and 

dations  apartments    near   the   University,   a   card-catalogue   of 

which  is  kept  at  Earl  Hall. 

Institute  of  In  additi°n  to  the  regular  courses  of  instruction,  nu- 

Arts  and  merous  public  lectures  are  given  by  the  Institute  of 

Sciences  Arts  and  Sciences,  ordinarily  by  persons  of  distinction 

who  are  not  members  of  the  teaching  staff.  The 
University  maintains  close  relations  with  the  other  educational  and 
public  institutions  of  the  city,  and  students  enjoy  unusual  privileges  at 
them.  Students  are  also  frequently  given  the  opportunity  to  enjoy 
important  dramatic  and  musical  performances  at  a  considerable  reduced 
cost. 

St.  Paul's  St.  Paul's  Chapel,  the  gift  of  Olivia  Egleston  Phelps 

Chapel  Stokes  and  Caroline  Phelps  Stokes,  as  a  memorial  to 

their  parents,  is  in  the  form  of  a  cross,  the  greatest 
length  being  122  feet  and  the  width  at  the  transepts  77  feet.  In  all  1  050 
sittings  are  provided.  Of  these,  120  are  in  the  choir,  which,  as  in 'the 
English  cathedrals,  may  itself  be  used  for  a  religious  service  at  which 
the  attendance  is  small. 

Service,  at  which  attendance  is  voluntary,  is  held  every  week-day 
except  Saturday,  at  noon— the  period  from  12  to  12.20  being  set  apart  by 
the  University  for  religious  exercises-and  on  Sunday  afternoons  at 
4  p.m.    There  are  also  frequent  organ  recitals. 
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Special  University  services  are  held  on  the  Wednesday  preceding  the 

Thanksgiving  recess  and  on  the  first  Wednesday  of  the  second  half  year. 

The  chaplain  and  Mrs.  Knox  are  at  home  to  students    (413  West 

117th  Street)  each  Sunday  afternoon  after  the  service. 

Earl  Hall,  the  home  of  the  religious,  philanthropic,  Earl  Hall 

and  social  organizations  and  interests,  is  open  to  all 
students,  without  expense,  from  8.30  a.m.  to  10  p.m.  daily,  under  the 
management  of  its  Secretary,  who  is  also  Secretary  of  the  University 
Young  Men's  Christian  Association.  Provision  for  the  meetings  of 
student  organizations  is  made  in  the  following  order:  Societies  the 
purpose  of  which  is  (1)  primarily  religious;  (2)  primarily  philan- 
thropic; (3)  primarily  literary;  and  (4)  miscellaneous  student  organ- 
izations. The  building  is  also  much  used  as  a  general  student  club 
house. 

The  various   student  organizations,  while  self-gov-  Student 

erning,  are  subject  to  the  following  regulations:  The  Organizations 
schedules  of  public  contests  and  performances  must 
be  approved  by  the  University  Committee  on  Student  Organizations; 
budgets  for  expenditure  are  approved  and  checked  by  the  Comptroller 
of  Student  Organizations ;  the  University  Committee  on  Athletics,  con- 
sisting of  three  graduates,  two  students  and  two  University  officers, 
adopt  and  administer  rules  of  eligibility  not  involving  questions  of 
scholarship  and  govern  participation  in  inter-collegiate  athletics.  A 
pamphlet  containing  the  full  regulations,  the  constitution  of  the  Ath- 
letic Association  and  the  constitution  of  the  Board  of  Student  Repre- 
sentatives may  be  obtained  from  the  Secretary  of  the  University. 

A  college  graduate  who  completes  with  marked  dis-        The  Degree 
tinction  one  of  the  regular  professional  courses  may  of  A.M. 

be  recommended  for  the  degree  of  Master  of  Arts  if,  _ 

while  pursuing  his  professional  course,  he  shall  have  taken  additional 
work,  under  the  Faculty  of  Pure  Science,  Philosophy  or  Political  Sci- 
ence, to  the  extent  of  a  major  subject,  and  have  presented  a  satis- 
factory essay  upon  an  assigned  topic.  A  detailed  statement  of  the 
requirements  for  this  degree  and  also  for  the  Ph.D.,  with  a  list  of 
subjects  which  may  be  offered,  will  be  found  in  the  Announcement  of 
the  Faculties  of  Political  Science,  Philosophy  and  Pure  Sctence. 

For  information  as  to   the  twelve  University  Fel-        Fellowships 
lowships,  of  the  annual  value  of  $650  each,  and  the 
several  endowed  fellowships  open  to  qualified  candidates  for  the  de- 
grees of  Master  of  Arts  and  Doctor  of  Philosophy,  see  the  Announce- 
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ment  of  the  Faculties  of  Political  Science,  Philosophy  and  Pure  Science, 
or  the  University  Catalogue. 

The  following  are  of  particular  interest  to  students  of  Mines, 
Engineering  and  Chemistry,  who  are  advised  to  familiarize  themselves 
with  the  special  regulations  governing  them: 

The  Tyndall  Fellowship  for  the  Encouragement  of  Research  in 
Physics,  endowed  by  Professor  John  Tyndall,  and  of  an  annual  value 
of  $648;  the  Barnard  Fellowship  for  Encouraging  Scientific  Research, 
endowed  by  the  bequest  of  the  late  President  Barnard,  annual  value 
$412.50;  the  Ernest  Kempton  Adams  Research  Fellowship,  founded 
by  Mr.  Edward  Dean  Adams  in  memory  of  his  son,  Ernest  Kempton 
Adams,  annual  value  $1,250;  the  Samuel  Anthony  Goldschmidt  Fel- 
lowship in  Chemistry,  of  an  annual  value  of  $670.30,  and  the  William 
Petit  Trowbridge  Fellowship  in  Engineering,  of  an  annual  value  of 
$500.00. 

Students 

In  1913-14  the  registration  in  the  Schools  of  Mines,  Engineering  and 
Chemistry  is  as  follows: 

First-year  class    2I2 

Second-year  class !  e4 

Third-year  class I4I 

Fourth-year  class  ^ 

Non-matriculated    42 

Students  from  Columbia  College I2 

Total 694 

Of  students  registered,  50  already  held  a  college  or  technical  degree, 
representing  30  institutions.  In  addition  there  are  registered  under 
the  Faculty  of  Pure  Science  as  candidates  for  the  A.M.  and  Ph.D. 
degrees  26  students  with  some  branch  of  Engineering  (including  22  in 
Highway  Engineering)  and  68  with  Chemistry  as  a  major  subject. 
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ALUMNI  ORGANIZATIONS 


The  Alumni  Association  of  the  Schools  of  Science  of  Columbia 
University  includes  in  its  membership  graduates  of  the  Schools  of 
Mines,  Engineering  and  Chemistry.  Associate  membership  is  open  to 
non-graduates,  members  of  classes  that  have  graduated. 

Honorary  membership  is  open  to  all  persons  eminent  m  Science 
who  are  or  have  been  connected  with  any  of  the  Schools  of  Science 
of  Columbia  University. 

Its  officers  for  1912-13  are: 

President,  Benjamin  B.  Lawrence,  E.M.,  '78. 

Vice-President,  Robert  Van  A.  Norris,  E.M.,  '85. 

Treasurer,  John  S.  Douglas,  E.E.,  '90. 

Secretary,  Ralph  E.  Mayer,  C.E.,  '79- 

Post  Office  Substation  84,  New  York  City. 

Board  of  Managers 

W.  M.  Meserole,  C.E.,  '81.  G.  C.  Stone,  Ph.B.,  '79- 

F  D.  Dodge,  Ph.B.  (Chem.),  '88.  I.  H.  Woolson,  E.M.,  '85 

D   M.  Myers,  M.E.,  '01.  H.  A.  Prosser,  E.M.,  '96 

G.  E.  Hutchinson,  E.E.,  '09.  R-  E.  Dougherty,  C.E.,  '01 

Delegates  to  the  Board  of  Directors  of  the  Alumni  Federation 
Charles  B.  Going,  Ph.B.,  '82  Edgar  G.  Barratt,  C.E.,  '84. 

Daniel  E.  Moran,  C.E.,  '84. 

A  complete  list  of  the  Alumni,  giving  the  addresses  of  each,  and  in 
the  case  of  those  who  are  members  of  the  Association,  a  detailed  record 
of  their  professional  careers,  is  published  and  may  be  had  on  application 
to  Professor  R.  E.  Mayer,   Secretary,  Columbia  University. 

The  Alumni  Secretary  will  also  be  glad  to  put  prospective  students 
in  communication  with  Alumni  in  different  parts  of  the  country.  Such 
Alumni  are  often  able  to  furnish  information  in  a  personal  interview 
regarding  the  Schools  of  Mines,  Engineering  and  Chemistry  which 
inquirers  at  a  distance  could  obtain  in  no  other  way. 

Class  Group  Societies 

Society  of  the  Early  Eighties: 
Francis  E.  Ward,  '8i  S,  President 
Girard  Romaine,  '82,  Secretary,  68  Broad  Street. 
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Society  of  the  Older  Graduates: 

urn*  de/vR?ettS'  '7lS'  '76Ph'D"  President. 
William  de  L.  Benedict,  '74  S,  Secretary,  i9  Cedar  Street. 

Society  of  the  Upper  Eighties: 
Charles  Halstead  Mapes,  '85,  89  S 
Edward  L.  Dodge,  '88  S,  Secretary/44  Court  Street,  Brooklyn,  N.  Y. 
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THE  ALUMNI  FEDERATION  OF  COLUMBIA  UNIVERSITY 

Organized  1913 
(To  be  Incorporated) 

Officers 

President 
John  Howard  Van  Amringe,  '60 

Vice-President 
William  Curtis  Demorest,  '8i,  '83  L 

Treasurer 
Gustavus  Town  Kirby,  '95  S,  '98  L 

Executive  Secretary 
George  Brokaw  Compton,  '09,  '13  L 

Recording  Secretary 
Levering  Tyson,  'iiA.M. 

BOARD  OF  DIRECTORS 

Directors  at  Large 
Thomas  B.  Stearns,  '81  S— Colorado 
Robert  Arrowsmith,   '82 — New  Jersey 
William   M.  L.  Fiske,  'oo— Illinois 

From  Arts  or  College 
Ambrose  Dyer  Henry,  '84 
Charles  Sears  Baldwin,  '88 
Channing  Rust  Toy,  '04 

From  the  School  of  Law 
William    Curtis   Demorest,  *8i,   '83  L 
Gustavus  Town  Kirby,  '95  S,  '98  L 
R.    Stuyvesant    Pierrepont,    '05,    'l2L 

From  the  College  of  Physicians  and  Surgeons 
J.  Arthur  Booth,  '78,  '82  M 
Lucius  W.  Hotchkiss,  '81,  '84  M 
George  G.  Cochran,  '84  M 
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From  the  School  of  Mines 

Charles  Buxton  Going,  '82  S 
Edgar  G.  Barratt,  '84  S 
Daniel  E.  Moran,  '84  S 

From  the  Doctors  of  Philosophy 
Edmund  S.  Joy,   '88  L,  '92  Ph.D. 
Floyd  Appletqn,  '93,  '06  Ph.D. 
Charles  A.  Downer,  '01  Ph.D. 

SCHOOL  ASSOCIATIONS 

(Affiliated  with  the  Federation) 

Association  of  the  Alumni  of  Columbia  College: 

Ambrose  D.  Henry,  '84,  President,  71  Broadway. 

George  Brokaw  Compton,  '09,  '13  L,  Secretary,  Columbia  University. 
Association  of  the  Alumni  of  the  College  of  Physicians  and  Surgeons 
of  Columbia  University: 

Walter  Mendelson,  '79  M,  President,  159  West  74th  Street. 

Henry  E.  Hale,  '96  M,  Secretary,  770  West  End  Avenue. 
Alumni  Association  of  the  Law  School  of  Columbia  University : 

George  L.  Ingraham,  '69  L,  President,  80  Irving  Place. 

Lawrason  Riggs,  Jr.,  '03,  '06  L,  Secretary,  27  William  Street. 
Alumni  Association  of  the  Schools  of  Science  of  Columbia  University : 

(Officers  given  above.) 
Association  of  Doctors  of  Philosophy  of  Columbia  University: 

Rudolf  Tombo,  Jr.,  '01  Ph.D.,  President,  Columbia  University. 

Adam  Leroy  Jones,  '98  Ph.D.,  Secretary,  Columbia  University. 

Columbia  Alumni  Clubs 

(Affiliated  with  the  Federation) 

Buffalo:  W.  J.  Donovan,  '05,  '08 L,  President,  604  Iroquois  Building, 
Buffalo,  N.  Y.  A.  H.  Hopkins,  '08  F.A.,  Secretary,  German  Insur- 
ance Company  Building,  Buffalo,  N.  Y. 

Colorado:  Cyrus  L.  Pershing,  *o8M,  President,  Stedman  Building, 
Denver,  Colo.  John  E.  Fetzer,  '08  L,  Secretary,  824  Equitable 
Building,  Denver,  Colo. 

Cuba :  Jose  Primelles,  '87  S,  President,  37  I  Street,  Vedado,  Havana, 
Cuba.  Humberto  Fonts,  '09  S,  Secretary,  Empedrado  59,  Havana, 
Cuba. 

District  of  Columbia:  Marcus  Benjamin,  '78  S,  President,  1703  Q  Street, 
N.  W.,  Washington,  D.  C.  George  Oakley  Totten,  Jr.,  '91  F.A., 
Secretary,  808  Seventeenth  Street,  N.  W.,  Washington,  D.  C. 

Illinois :  William  M.  L.  Fiske,  'oo,  President,  234  South  La  Salle  Street, 
Chicago,  Illinois.  Emory  Hill,  '04,  Secretary,  122  South  Michigan 
Boulevard,  Chicago,  111. 
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Los  Angeles :  James  H.  Seymour,  '83  M,  President,  310  Grant  Bldg., 
Los  Angeles,  Cal.  Paul  J.  Pitner,  '05  S,  Secretary,  Whittier  Ex- 
tension Co.,  Union  Oil  Bldg.,  Los  Angeles,  Cal. 

Maryland:  N.  Winslow  Williams,  '83  L,  President,  Fidelity  Building, 
Baltimore,  Md.  George  C.  Saunders,  '98  S,  Secretary,  3012  Har- 
ford Road,  Baltimore,  Md. 

Mexico:  Victor  M.  Braschi,  '8i  S,  President,  Apartado  830,  Mexico  City, 
Mexico.  George  W.  Knoblauch,  '03  S,  Secretary,  P.  O.  Box  No.  830, 
Cadena  No.  2,  Mexico  City,  Mexico. 

Minnesota:  Charles  N.  Dohs,  President,  '94 L,  876  Osceola  Avenue, 
St.  Paul,  Minn.  R.  T.  La  Vake,  '09  M,  Secretary,  Pillsbury  Build- 
ing, Minneapolis,  Minn. 

Nebraska:  Harley  G.  Moorhead,  '02 L,  President,  114  South  38th  Street, 
Omaha,  Neb.     N.  R.  Brigham,  '13  F.A.,  Secretary. 

New  Jersey:  Ralph  E.  Lum,  '00,  President,  765  Broad  Street,  Newark, 
N.  J.  William  O.  Wiley,  '82,  Secretary,  44  South  Clinton  Street, 
East  Orange,  N.  J. 

Northern  New  York:  Roelif  H.  Brooks,  'oo,  President,  80  Lancaster 
Street,  Albany,  N.  Y.  Barnard  Bronson,  '08,  Secretary,  Albany 
Normal  College,  Albany,  N.  Y. 

Oregon:  Louis  P.  Hewitt,  '07  L,  Secretary,  615  Oregonian  Building, 
Portland,  Oregon. 

Philadelphia :  Henry  Kraemer,  '95  S,  President,  145  North  Tenth  Street, 
Philadelphia,  Pa.  H.  F.  Sanville,  '92  S,  Secretary,  Hale  Building, 
Philadelphia,  Pa. 

Pittsburgh :  George  S.  Rice,  '87  S,  President,  U.  S.  Bureau  of  Mines, 
Pittsburgh,  Pa.  J.  H.  Marsching,  '02  A.M.,  Secretary,  1826  Frick 
Building,  Pittsburgh,  Pa. 

San  Francisco :  J.  R.  Clark,  '95  M,  President,  Ortmann  Building  San 
Francisco,  Cal.  John  C.  Spencer,  '82,  '85  M,  Secretary,  Butler 
Building.  ,.;.  i'Sj2#|^ 

Utah:  Alvah  C.  Lewis,  '77  M,  President,  352  East  First  Street,  Salt 
Lake  City,  Utah.  C.  H.  Doolittle,  '85  S,  Secretary,  1242  East  South 
Temple,  Salt  Lake  City,  Utah. 

Washington :  H.  K.  Benson,  '07  Ph.D.,  President,  University  of  Wash- 
ington, Seattle,  Wash.  Henry  M.  Ramey,  Jr.,  'oi  L,  Secretary,  Cen- 
tral Building,  Seattle,  Wash. 

Yonkers:  William  Forster,  '8i,  President,  59  Wall  Street,  New  York. 
James  F.  Prince,  '08,  Secretary,  149  N.  Broadway,  Yonkers,  N.  Y. 

LOCAL  ASSOCIATIONS 

(Not  Affiliated  with  the  Federation) 

Indiana:  M.  Thorner,  '98  M,  President,  234  Indiana  Pythion  Building, 
Indianapolis,  Ind.  Mark  H.  Miller,  '97  L,  Secretary,  Lemcke  Build- 
ing, Indianapolis,  Ind. 
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Kansas  City:  John  C.  Meredith,  '86  L,  President,  Commerce  Building, 
Kansas  City,  Mo.  Walter  S.  Sutton,  '07  M,  Secretary,  810-815 
Rialto  Building,  Kansas  City,  Mo. 

St.  Louis :  Julius  S.  Walsh,  '64  L,  President,  3628  Delmar  Avenue,  St. 
Louis,  Mo.  William  E.  Baird,  '02  L,  Secretary,  Law  Department, 
City  Hall,  St.  Louis,  Mo. 

Wisconsin :  Alfred  W.  Gray,  '99  M,  President,  Goldsmith  Building,  Mil- 
waukee, Wis.  H.  W.  Buemming,  '95,  F.A.,  Secretary,  521  Jackson 
Street,  Milwaukee,  Wis. 
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ACADEMIC  CALENDAR 
1914-1915 


1914 
July       6 — Monday.    Fifteenth  Summer  Session  opens. 
Aug.    15 — Friday.     Fifteenth  Summer  Session  closes. 


Sept.  14 — Monday.  Entrance  examinations  and  examinations  for  de- 
ficient and  debarred  students  begin. 

Sept.     16 — Wednesday.     Registration  begins. 

Sept.  22 — Tuesday.  Registration  ceases  for  students  previously  ma- 
triculated. Later  applications  received  only  on  payment 
of  an  additional  fee  of  $5. 

Sept.  23— Wednesday.  First  half-year,  161  st  year,  begins.  Registra- 
tion ceases  for  students  not  previously  matriculated. 
Later  applications  received  only  on  payment  of  an 
additional  fee  of  $5.  Fellows  and  Scholars  to  report 
to  the  Registrar. 

Sept.   24 — Thursday.    Lectures  and  recitations  begin  in  courses. 

Oct.      20 — Tuesday.    Stated  meeting  of  University  Council. 

Nov.      3 — Tuesday.     Election  Day,  holiday. 

Nov.    25— Wednesday.     University  Service,  St.  Paul's  Chapel. 

Nov.  26— Thursday,  to  November  28,  Saturday,  inclusive,  Thanks- 
giving holidays. 

Dec.       6 — Sunday.    Commemoration  Service  in  St.  Paul's  Chapel. 

Dec.     15 — Tuesday.     Stated  meeting  of  University  Council. 

Dec.     21 — Monday,  to 

1915 

Jan.        2 — Saturday,  inclusive,  Christmas  holidays. 

Jan.  4 — Monday.  Last  day  for  filing  applications  for  entrance  ex- 
aminations. 

Jan.      14 — Thursday.    Mid-year  entrance  examinations  begin. 

Jan.      20 — Wednesday.     Mid-year  examinations  begin. 

Feb.       2 — Tuesday.     First  half-year  ends. 

Feb.  3 — Wednesday.  Second  half-year  begins.  University  service  in 
St.  Paul's  Chapel.  Registration  ceases  for  students 
entering  second  half-year.  Later  applications  received 
only  on  payment  of  an  additional  fee  of  $5.  Fellows 
and  Scholars  to  report  to  Registrar. 

Feb.     12 — Friday.    Alumni  Day. 

Feb.     16 — Tuesday.    Stated  meeting  of  University  Council. 

Feb.     22 — Monday.    Washington's  Birthday,  holiday. 

April      1 — Thursday,  to  April  5,  Monday,  inclusive,  Easter  holidays. 
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April    20 — Tuesday.     Stated  meeting  of  University  Council. 

May       i — Saturday.    Last  day  for  filing  applications  for  scholarships. 

May  3 — Monday.  Deficiency  examinations  begin  for  fourth-year 
students  only. 

May       8 — Saturday.    Last  day  of  instruction  for  fourth-year  students. 

May  12 — Wednesday.  Final  examinations  begin  in  subjects  of  the 
fourth  year  only. 

May  15 — Saturday.  Last  day  of  instruction  for  second-  and  third- 
year  students. 

May     17 — Monday.    Final  examinations  begin. 

May     30 — Sunday.    Baccalaureate  service. 

May     31 — Monday.    Monday.    Class  Day.    Memorial  Day,  holiday. 

June       2 — Wednesday.     Commencement  Day. 

June       9 — Wednesday.     Second  half-year  ends. 

June     14 — Monday.    Entrance  examinations  begin. 

July      6 — Tuesday.     Sixteenth  Summer  Session  opens. 

Aug.     13 — Friday.    Sixteenth  Summer  Session  closes. 

Sept.  20 — Monday.  Entrance  examinations  and  examinations  for  de- 
ficient and  debarred  students  begin. 

Sept.    22 — Wednesday.     Registration  begins. 

Sept.  28 — Tuesday.  Registration  ceases  for  students  previously  ma- 
triculated. Later  applications  received  only  on  payment 
of  an  additional  fee  of  $5. 

Sept.  29 — Wednesday.  First  half-year,  i62d  year,  begins.  Registra- 
tion ceases  for  students  not  previously  matriculated. 
Later  applications  received  only  on  payment  of  an  addi- 
tional fee  of  $5.  Fellows  and  Scholars  to  report  to  the 
Registrar. 

Oct.      19 — Tuesday.     Stated  meeting  of  University  Council. 

Nov.      2 — Tuesday.    Election  Day,  holiday. 

Nov.    24 — Wednesday.    University  service  in  St.  Paul's  Chapel. 

Nov.  25 — Thursday,  to  November  27,  Saturday,  inclusive,  Thanks- 
giving holidays. 

Dec.     12 — Sunday.    Commemoration  service  in  St.  Paul's  Chapel. 

Dec.     21 — Tuesday.    Stated  meeting  of  University  Council. 

Dec.  22— Wednesday,  to  Saturday,  January  1,  1914,  inclusive,  Christ- 
mas Holidays. 
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